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T  R  A  N  S  L  A  TO  R*s 


P     R     E     F     A     C    ^E, 


TO  enlarge  on  the  literary  abilities 
of  the  illuftrious  Author  of  the 
following  Work  would ;  be  unnecelTary : 
an  afiemblage  of  philoibphical  qualifica-^ 
tions,  very  rarely  found  united  in  one  per- 
ion,  has  long  fince  fufficiently  eftabliihed 
his  reputation.  But  among  the  many  en- 
dowments of  this  great  philofopher,  nono 
is  more  confpicuous  than  the  anxious  con-*- 
ccm  he  every  where  difcovers  for  the  adw 
vancement  of  human  happinefs,  and  the 
eameilnefs  with  which  he  applies  the  great 
powers  of  his  mind  to  fuch  points  as  may 
be  immediately  applicable  to  the  ufes  of 
Vol.  I.  b  life. 
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life.  He  defpifes  barren  and  unprodudlive 
fpeculation ;  he  confiders  fcience  as  defi- 
rable  only  fo  far  as  it  is  beneficial ;  and 
proves  himfelf,  upon  every  occafion,  not 
only  the  Teacher,  but  the  Frieiid  of  man- 
kind. 

Works  like  thofe  of  Mr  Bergman  fliould 
have  an  univerfal  circulatipn ;  they  are 
■written  not  to  the  fcholar  alone,  but  to 
the  artift,  to  the  inanufadurer,  and  to  the 
world  in  general*  In  prefenting  the  fol- 
lowing pages,  therefore,  to  the  Englifh 
Reader,  theTranflator  flatters  himfelf  he  is 
a^ing  in  perfedl  conformity  with  the  fen- 
timents  of  the  Author,  and  the  duty  which, 
as  an  individual^  he  owes  to  ;he  commu- 
nity. 

As  the  Author  wrttes  chiefly  to  thofe 
converfant  in  chemiftry  ;  and  as  it  re- 
quires more  than  a  moderate  acquaintance 
with  fome  of  the  lateft  difcoveries,  to  be 
able  to  follow  him  through  the  whole  of 
the  Work;  it  has  been  judged  neceflary  to 
add  a  few  explanatory  notes,  fuch  as  may 
f-ender  the  book  ufeful  to  thofe  who  are 

only 
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only  acquainted  with  the  elements  of  the 
fcience^  An  Appendix  is  accordingly  fub- 
jpined  to  e^ch  volume,  which,  though  by 
no  means  neceilary  to  the  accomplilhed 
and  experienced  chemift,  will,  it  is  hoped, 
prove  confiderably  ufeful  to  the  general 
run  of  readers,  and  thofe  who  are  but 
moderately  {killed  in  the  knowledge  of  the 
chemical  principles  and  art. 

Mr  Bergman,  in  his  experiments,  has 
employed  the  SwediQi  thermometer :  and 
it  has  not  been  thought  expedient  to  re- 
duce the  temperatures,  fo  afcertained,  to 
Fahrenheit's  fcale  in  the  body  of  the  Work, 
becaufe  the  degrees  upon  the  Swedifh  ther- 
mometer are  not  reducible  to  integral 
numbers  upon  that  of  Fahrenheit;  but, 
for  the  accommodation  of  fuch  as  chufe 
to  compare  them,  a  plate  is  inferted,  con- 
taining the  Swedifh  and  the  French  ther- 
mometers, together  with  that  of  Fahren- 
heit, which  is  at  prefent  univerfally  em- 
ployed in  England. 

The  Swedifh  meafures  being  alfo  fo  ad-- 
jufted  that  they  are  not  reducible  exadly 

b  ?  .  tot 
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to  thbfe  of  England,  have  been'  furred  to 
iland  as  in  the  orginal ;  but  it  table  is 
given,  which  contains  thefe  weights  and 
znealures  accurately  reduced. 
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ADVERTISEMENT. 

CTHE  great  dijiance  of  the  Tranjlator  obligsd 
the  publijher  to  call  in  the  aJJijianCe  of  an^^ 
other  perfon^to  fuperintend  the  prefs.  That 
per/on^  being  unacquainted  with  the  tranjlator* s 
defign  of  adding  annotations  at  the  end  of  t/ie 
vohtmes^  was  induced  to  add  a  few  inconfider^ 
able  obfervations^  fuch  as  his  recollection  could 
fwrmjhy  during  an  hnjiy  perufal  of  the  MS. 
ife,  moreover^  thought^  that  the  addition  ofM. 
De  Morveau^s  notes  would  be  acceptable  to  the 
Englijb.  reader.  He  accordingly  has  fekded 
fuch  as  afford  any  new  views  of  the  fads  rcla^ 
ted  by  the  Author ^  or  f apply  any  experiment  by 
which  tlie  text  is  illujirattd.  He  has  ofnit^ 
ted  feveral  tliat  did  not  fectn  to  contain  much 
ufeful  information  That  no  blame  might  bt  im^ 
puted  to  the  Tranjlator^  on  account  of  theft  ad' 
ditionsy  he  lias  been  careful  to  dijfitigiiifb  thofe 
of  Af.  de  Morveau  by  his  name :  his  own  by  the 
Utter  B.  Ihofe  marked  C.  belong  to  the  7ranf'> 
lator  ;  wlio  has  been  obliged^  on  account  oj  fume 
damejiic  interruption^  to  defer  the  greater  part 
of  his  remarks  to  the  end  of  the  fee  md  volum: ; 
which  will  appear  without  delay.  7 he  .-luthofs 
notes  and  rtjerences  are  without  d  Jignacure'. 
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TH  £  great  difficulty  attending  the  invefli^ 
gation  of  truth,  mud  be  known  to  every 
man  who  has  ever  ferioufly  attempted  it.  Invo* 
lutam  veriiatem  in  alto  latere^  was  long  fince  ob« 
finred  by  the  experienced  Seneca. 

With  refpefl  to  fuch  hiftorical  fads  as  are  rt* 
mote  from  our  times,  modern  fcepticifm  fre- 
quently  exceeds  all  bounds,  and  determines  ar- 
bitrarily what  are  to  be  confidered  as  fidions, 
what  as  mifreprefentations,  and  what  as  omif- 
iions.  But  we  fhall  foon  ceafe  to  wonder  at 
this ;  for  if  we  undertake,  on  the  faith  of  others, 
to  explore  fafts,  which,  even  with  refped  both 
to  time  and  place,  are  at  hand,  and  almoft  un- 
der our  immediate  Infpedion,  (efpecially  if  wq 
wiih  to  learn  the  caufes,  motives,  and  connec- 
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tions  of  aftions  and  circumftances),  we  are  of- 
ten confounded  by  the  moft  contradiftory  nar- 
rations, infpmuch  that  we  have  occafion  for  op- 
portunity and  laborious  ftudy,  mud  diveft  GUI'* 
felvcs  of  preconccived^opinions,  and  be  unbi- 
affed  by  any  interefted  motives,  in  order  to  folvc 
a  number  of  difficulties,  which  owe  their  origin 
partly  to  ignorance,  pattly  to  negligence,  and 
not  unfrequently  to  deliberate  malice.  Should 
a  number  of  hiftorians  even  agree  concerning 
a  faft,  yet  the  different  defcriptions  of  it  will,  to 
a  certain  degree,  exhibit  the  charafters  of  the 
refpedive  authors : — ^Thus,  while  one  relates  an 
aftion  with  the  moft  extravagant  encomiums, 
another  will  detraft  from  its  real  merit — a  third, 
by  fome  oblique  infinuation,  caft  fufpicion  upon 
•the  motive  of  it — and  a  fourth  reprefent  it  as  a 
crime  of  the  blackeft  dye.  But  to  quit  this  line 
of  inquiry. — It  ma||!be  expefted  that  we  (hould 
find  things  otherwife  in  phyfics,  and  that,  though 
we  may  not  be  able  to  dive  into  the  thoughts  of 
men,  the  phaenomena  exhibited  by  nature  would 
be  liable  to  no  fuch  ambiguity. 

So  indeed  it  might  feem,  did  not  daily  expe- 
tience  fully  evince  the  contrary.  Among  the 
moft  celebrated  expounders  of  nature,  how 
many  divifions  have  there  been  ?  how  many 
fchifms  ?  and  what  numbers  do  we  find  fpring- 
Ing  up  every  day  ? 

But 
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But  when  we  examine  thefe  difputea  more 
minutely,  we  fhall  find  that  they  relate  not  fo 
knuch  to  fads,  as  to  explanations.  The  labour 
of  the  natural  philofopher  is  chiefly  employed  in 
endeavouring  to  difcover  the  means  and  the  me- 
thods made  ufe  of  by  Nature  in  her  operations^ 
(that  is,  caufes  and  their  tonneftions),  and  from 
thence  to  form  what  is  called  a  theory ;  and 
upon  this  point  has  arifen  wonderful  diflenfion. 

Des  Cartes,  aiTuming  matter  and  motion,  and 
thus  beginning  ab  ovoy  conftruds  the  world, 
imagines  certain  forms  and  affe3ibns  of  bodies^ 
and,  led  away  by  a  fublime  imagination,  con* 
neds  and  demonftrates  mechanically,  a  priori^ 
everf  phaenomenon  and  every  operation.  A 
ihipendous  work  indeed,  were  it  but  conform- 
able to  the  fyftem  of  nature,  which  it  under- 
takes to  explain;  but,  upon  comparifon,  fd 
great  a  difagreement  appears,  that  in  circum- 
fiances  where,  according  to  the  principles  of  the 
inventor,  the  moft  powerful  caufe  is  operating; 
there,  in  reality^  is  the  fmalleft  effeft  produced  ; 
and  reciprocally.  This  whole  imaginary  ftruc- 
ture,  therefore,  being  reared  without  founda- 
tion, has  neceflarily  fallen  to  ruin. 

The  immortal  Newton  next  appeared.  Thi^ 
illuftrious  perfonage,  rendered  cautious  by  the 
failure  of  his  rafh  predeceflbr,  acknowledges 
that  a  conception  of  the  theory  of  creation  ex- 
ceeds human  powers  :  He  therefore  follows  the 
c  3  inverfe 
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inverfe  method.  He  fir  ft  folicitoufly  coUeds 
fads ;  thefe  he  examines  with  accuracy,  and 
compares  with  acutenefs  :  Hence  he  deduces  the 
laws  of  nature,  and,  from  efieds  well  eftablilh- 
ed,  he  infers  their  caufes.  Thus  he  proceeds, 
more  flowly  indeed,  but  more  fecurely ;  and 
though  his  method  be  tedious,  yet  it  is  conti- 
nually  leading  to  further  difcovery.  An  edifice 
like  this,  built  on  a  foiid  foundation,  becomes 
the  more  firm  the  higher  it  is  raifed. 

Although,  at  prefent,  it  is  univerfally  agreed, 
that  nothing  is  known  concerning  bodies  a  prU 
criy  but  that  their  nature  and  different  propers- 
ties  muft  be  difcovered  a  po/ieriorij  by  obferva- 
tion  and  experiment ;  neverthelefs,  in  pradicc^ 
there  are  ftill  not  a  few  who,  if  not  publicly,  at 
leaft  privately,  incline  to  Cartefianifm.  1  call 
it  Cartefianifm,  not  becaufe  that  method  of  rea- 
foning  was  invented  by  Des  Cartes,  (for  in  the 
moft  remote  periods  of  time,  there  have  been 
philofophers  who,  confiding-  too  much  in  their 
own  ftrength,  have  expefted  to  be  able  to  dit 
cover  the  nature  of  things  by  abftraft  medita- 
tion) ;  but  I  employ  the  names  of  Des  Cartes 
and  Newton  as  affording  the  moft  ftriking  ex- 
amples  of  the  different  methods  of  philofophi- 
zing. 

I  have  faid,  that  a  tendency  to  Cartefianifm 
ftill  fubfifts  ;  and,  upon  attentive  confideration, 
it  will  not  appear  wonderful  that  the  human 

mind 
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mind  flioald  delight  to  indulge  in  this  method  ; 
for,  on  the  one  hand,  the  way  of  experiment  is 
expenfive,  troublefome,  and  tedious.  All  minds, 
therefore,  are  not  capable  of  enduring  it :  Many 
are  without  the  proper  inftruments^  others  want 
the  neceflary  dexterity  ;  but  the  moil  univerfal 
defed  is  that  of  patience  and  perfeverance  ;  fo 
that  if  the  experiment  does  not  at  once  fuccecd, 
it  is  abandoned  in  difguft.  Man,  in  his  ordi- 
nary flate,  feems  by  nature  prone  to  indolence. 
On  the  other  hand,  the  contemplative  method 
fsivours  the  defire  of  knowledge ;  by  pretending 
to  unlock  the  fecrets  of  nature  with  eafe  and 
expedition,  it  foothes  the  natural  rage  of  ex- 
plaining all  things  ;  and,  by  fuppofing  every 
thing  acceflible  to  the  human  intelleft,  admini- 
ftcrs  pleafmg  flattery  to  vanity  and  arrogance. 

At  prefent,  however,  the  neceffity  of  experi- 
ment appears  fo  obvious,  that  no  one  can  deny 
it,  without  expofing  himfelf  to  ridicule.  It  is 
therefore  acknowledged,  but  with  a  tacit  limita- 
tion. A  number  of  experiments,  made  during 
a  fucceflion  of  ages,  is  collefted ;  and  an  accu- 
rate and  attentive  confideration  of  them  is 
thought  fufficient  to  unravel  the  chain  of  caufes. 
Thus  a  philofopher  at  his  table,  furrounded 
with  books,  undertakes  to  penetrate  the  arcana 
of  nature,  and  to  deal  out  truths  as  if  by  iafpi- 
ration ;  and,  without  a  laboratory,  without  a 
fuitable  apparatus,  without  expcnce,  trouble,  or 
c  3  danger, 
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ganger,  pronounces  concerning  fubftances^^ 
which,  far  from  examining  as  he  fhould,  he 
has  never  fo  much  as  feen.  Nor  has  this  in- 
vention even  the  recommendation  of  novelty ; 
for,  many  ages  fmce,  Ariftotle  eftabliftied  expe- 
riment and  reafoning  as  the  two  foundations  of 
natural  philofophy  ;  but  by  means  of  the  latter 
he  miferably  corrupted  the  former.  In  this 
"way,  at  prefent,  the  purity  of  truth  is  corrupted 
by  preconceived  opinions  concerning  the  genefis 
and  metamorphofis  of  matter. — Opinions  fuch 
as  thefe,  if  modeftly  and  candidly  propofed  as 
conjeftures,  might  be  ufeful,  by  giving  occafion 
to  new  experiments  ;  but  are  of  the  mod  per- 
nicious  tendency  when  obtruded  as  axioms  ; 
when  they  wrcft  fuch  experiments  as  contradict 
them  to  a  conftrained  agreement  j  or,  if  that 
cannot  be  done,  impugn  the  truth  of  the  expe- 
riments. Another  evil  has  originated  from  fa- 
vourite hypothefes,  namely,  experiments  muti- 
lated, and  not  to  be  relied  on.  He  who  is  go- 
verned by  preconceived  opinion,  may  be  confi- 
dered  as  a  perfon  viewing  objefts  through  co- 
loured glafles,  each  affuming  a  tinge  fimilar  to 
that  of  the  glafs  employed.  The  flighteft  and 
mod  vague  fimilitudLS,  if  agreeable  to  the  fy- 
ftem,  are  fufficicnt,  nay,  afford  arguments  of  the 
greatcft  weight  ;  while  differences  of  the  mofk 
ftrikinr  nature  are  difrcearded  as  altocrether  nu- 
gatory. 

The 
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1  The  time  which  is  employed  in  difcui&ng 
thefe  trifles,  would  furely  be  better  applied  in 
experiment  and  obfervation ;  a  labour  by  which 
troth  may  be  made  to  fhine  forth  in  full  luflre, 
and  due  honour  be  given  to  fcience,  which  now 
(tamiflied  by  contradidions  and  diifenfions)  is, 
if  not  totally  defpifed,  at  lead  fufpeded  by  thofe 
who  are  incapable  of  deep  inquiry. 

Add  to  this,  that,  even  in  natural  philofophy, 
the  turbulent  paifions  of  the  mind  are  not  al- 
ways idle :  Sad  experience  has  fhewn  us  the 
mod  beautiful  inventions  brought  into  con* 
tempt,  and  the  higheft  merit  blafted,  by  pialig- 
nant  clamour.  But  our  buflnefs  is  not  with 
thofe  who  are  wilfully  blind  to  truth  ;  to  argue 
with  fuch  would  be  to  tell  tales  to  the  deaf. 

Since  then  truth  is,  or  at  lead  ought  to  be, 
the  end  of  every  invefligation,  to  obtain  this  end 
with  eafe  and  expedition — hoc  opus^  bic  labory — 
I  think  it  therefore  neceflary,  at  the  beginning 
of  this  Colleftion  of  Effays,  to  explain  to  the 
reader  the  principal  rules  which,  in  the  progrefs 
of  them,  1  laid  down  for  myfelf-  In  the  exa- 
mination of  any  body,  two  circumftances  are 
chiefly  to  be  confidered,  namely,  the  compofitio^ 
of  that  body^  and  the  explanation  of  phanom^na.-T- 
ITiefe  two  we  (hall  confider  feparately.. 

I.  (a)  In  inijeJiigatiHg  the  principles  of  a  body^ 
iLe  muji  not  judge  of  them  frc^m  a  Jlight  agreement 
%i;itb  other  knoiun  bodies ^  but  they  muJl  be  fparq^ 

c  4  ted 
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4ed  direSlly  by  analyfuy  and  thai  analyfu  mujt  be 
confirmed  byfynthefis^ 

It  is  well  known  that  bodies,  by  compofition, 
i^cquire  new  properties,  which  did  not  appear  in 
any  of  the  component  parts  feparately ;  and,  ou 
the  contrary,  fome  of  the  original  properties  de- 
cay, or  even  difappear  :  Hence  it  appears  how 
little  analogy  is  to  be  trufled  to. 

Thus,  although  terra  ponderofa  and  magnefia 
agree  with  lime  in  this  particular,  that,  when 
united  with  aerial  acid,  they  effervefce  with 
other  acids ;  and  that,  when  it  is  expelled,  they 
become  cauftic,  we  are  not  hence  to  conclude 
that  lime  is  contained  in  thofe  fubftances.  This 
analogy  is  certainly  a  loofe  one,  and,  when 
rightly  confidered,  only  (hews  that  the  aerial  acid 
pofleffes  the  property  of  uniting  with  a  variety 
of  fubftances,  and  that  by  its  prefence  caufticity 
is  repreffed.  If  we  were  to  deduce  conclufions 
from  this  analogy,  then  the  alkaline  falts  muft 
contain  lime,  as  they  alfo  effervefce  with  acids, 
and,  in  fimiiar  circumdances,  exhibit  a  much 
greater  degree  of  caufticity. 

The  hiftory  of  the  learned  world  fhews  us  the 
abfurd  arguments  which  were  formerly  made 
ufe  of  againft  the  exiftence  of  the  foffile  alkali, 
which  is  now  acknowledged  by  every  one  to 
exift  diftindl  from  the  vegetable  alkali,  inafmuch 
as,  when  combined  with  the  acids,  it  never  fails 
to  produce  falts  of  a  different  fort.     In  the  fame 

manner 
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manner  terra  ponderofa  and  magnefia,  with  a^ 
dds,  yield  £sdt8  very  different  from  thofe  pro- 
duced by  lime  with  the  fame  acids ':  We  may 
therefore  conclude  thefe  to  be  diftinft  fob- 
ftances. 

That  perhaps  they  contain  a  lime  fomehow 
changed,  1  will  readily  acknowledge,  as  foon  as 
lime  can  be  extraded  from  them,  or  they  can 
be  converted  into  lime.  Conjedures  the  mod 
plaufible  are  yet  at  a  diftance  from  truth,  and, 
opon  clofe  examination,  are  frequently  found 
altogether  repugnant  to  it. 

What  has  now  been  (aid  holds,  mutaiU  mutatis 
dis^  of  aerial  acid  and  the  acid  of  fugar ;  as  alfo 
of  nickel,  cobalt,  and  manganefe. 

In  general,  any  body  which  differs  in  proper- 
ties from  every  other,  and  can  be  always  had 
JimUar  to  itfelfj  1  conflder  as  a  different  and  di- 
ftin&  body,  although  it  be  produced  by  another 
known  body  ;  for  properties  new  and  conftant 
cannot  fpring  up,  unlefs  the  primitive  be  chan- 
ged by  the  addition  or  fubtradion  of  fome  prin- 
ciple, in  which  cafe  it  is  not  the  fame  body  as 
before. 

(b)  Analyfu  Jhould  chiefly  be  conduced  in  the 
bumid  way. 

I  do  not  deny,  but  that  the  dry  way  may 
fometimes  be  ufeful,  and  ought  to  be  employ- 
ed ;  but,  in  moft  cafes,  fire  tends  rather  to  con- 
found than  to  feparate  different  fubftances. 

Some 
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Some  contend  that  matters  extraded  by  meii« 
firua  are  changed,  and  that  they  bad  exifted  in 
the  decompofed  body  in  a  ftate  very  different 
from  that  in  which  they  are  found  after  the  de- 
compofition ;  but,  let  us  not  reft  upon  vague 
affertion  j  let  us  inquire  into  the  truth  by  expe- 
riment, and  our  doubts  will  foon  vanifti : — ^Let 
us  diffolve  a  given  quantity  of  pure  chalk  ia 
marine  acid  ;  let  this  again  be  precipitated  by  a 
fixed  alkali;  and  if  this  alkali  be  mild,  the 
chalk  is  recovered  entirely  fimilar  to  itfelf  ia 
properties  and  in  weight :  But,  if  the  alkali  enx- 
.ployed  be  cauftic,  not  more  than  half  the  weight 
is  obtained,  and  the  precipitate  agrees  with  lime 
burned  and  flacked  j  for  it  is  foluble  in  water, 
and  raifes  no  efFervefcence  in  acids.  This  ex- 
periment,  if  repeated  an  hundred  times  with  the 
fame  chalk,  will  always  afford  the  fame  produft. 
The  fame  thing  is  true  of  terra  ponderofa  and 
magnefia,  and  alfo  pure  clay,  of  which  the 
.weight,  however,  is  fcarce  fenfi^ly  altered  by  a 
difference  in  the  precipitant.  The  fame  holds 
in  the  other  acids.  Let  us  now  diflblye  fome 
metal,  precipitate  with  a  fixed  alkali,  and  we 
fliall  have  a  calx  of  that  metal ;  but,  if  we  pre- 
cipitate  with  another  metal,  we  fliall  recover  the 
diffolved  metal  itfelf,  only  very  minutely  divi- 
ded.  Mild  alkali,  in  certain  cafes,  produces  a 
much  heavier  calx  than  the  caufl.ic,  namely, 
yrhen  the  calx  abforbs  the  aerial  acid  :  Befides, 

the 
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ibe  different  acids  occafion,  in  this  cafe,  no  other 
difference  than  a  greater  or  lefs  privation  of 
phlogHlon.  Thefe  things,  of  which  no  one  con- 
verfant  in  chemiftry  is  ignorant,  being  known, 
let  us  fuppofe  either  lime,  magnefia,  clay,  or 
iron,  extra^led  by  any  acid  menftruum ;  I  aflc, 
can  we  reafonably  doubt  whether  thefe  fub- 
ilances  a£lualiy  exifted  in  the  body  fubjeded  to 
the  experiment,  or  not  ?  From  the  qualities  of 
the  integrant  body,  it  will  eafily  be  judged  whe- 
ther thefe  have  entered  into  its  ftrufture,  mild 
or  cauftic  ;  in  the  form  of  a  calx,  or  in  that  of 
a  metal. 

Upon  this  occafion,  I  muft  mention  the  inve- 
terate error  concerning  the  origin  of  vegetable 
alkali  by  fire.  The  filly  and  abfurd  reafons  on 
which  they  denied  the  prior  exiftence  of  that 
fait,  may  now  be  retorted  upon  the  authors. 

(c)  Such  experiments  Jhould  be  injiituted  as  are 
adapted  to  the  difcovery  of  truth. 

Light  is  thrown  upon  a  fubjed  not  by  the 
muhitude,  but  by  the  quality  of  experiments : 
Moft  commonly  many  different  points  are  to  be 
illuftrated,  and  then  the  experiments  fhould  be 
varied  according  to  circumftances,  fo  as  clearly 
to  afcertain  the  point  in  qucftion. 

For  example,  in  examining  the  mineral  fluor, 
one  queftion  arifcs  concerning  the  acid  inhering 
in  it,  another  concerning  the  bafis.  To  obtain 
ihe  ftrft,  pure  vitriolic  acid  mud  be  applied  in 

lefs 
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lefs  quantity  than  is  fufEcient  to  expel  it  all,  and 
a  degree  of  heat  applied  lefs  than  what  is  fuffi- 
cient  to  volatilize  the  vitriolic  acid.  In  exami- 
ning the  bafe,  the  fire  muft  be  more  intenfe^ 
and  a  large  quantity  of  vitriolic  acid  poured  on, 
that  no  part  may  efcape  its  aftum^  which,  mix- 
ed with  the  bafe,  might  obfcure  its  true  nature  : 
Thus,  unlefs  the  operations  and  the  means  be 
adapted  to  the  end  propofed,  we  only  every  day 
accumulate  miftakes. 

(d)  Experiments  Jhould  be  made  with  the  utmo/l 
poffible  accuracy. 

Experiments  which  are  only  carelefsly  and 
flightly  obferved,  frequently  either  do  not  illu- 
ftrate  the  truth,  or  eftablifli  errors.  By  weight, 
by  meafure,  and  other  fit  means,  all  the  princi- 
pal circumilances  fhould  be  fettled,  and  all  the 
phenomena  carefully  obferved.  With  refpeft  to 
fads,  indeed,  which  are  colleded  by  experiment, 
no  difpute  can  arife,  as  they  may  at  pleafure  be 
appealed  to,  and  confidered  in  every  point  of 
view  with  fufEcient  care.  The  cafe  is  otherwifc 
with  thofe  circum fiances  which  depend  folely 
upon  the  operations  of  nature ;  for  thefe,  if  the 
fit  time  be  neglefted,  do  not  again  occur,  but  ac- 
cidentally, or  perhaps  after  an  interval  of  years. 
"  Fronie  capillata^  poji  eji  occnfio  calva.*^  In 
many  cafes,  however,  imitation  may  be  able  to 
diminifh  that  interval. 

I  am 
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I  am  almoft  alhamed  to  relate,  that  I  knew  a 
chemift  who  confidered  thermometers,  and  fuch 
inftruments,  a»  phyfical  fubtleties,  fuperfluous 
and  unnecefiary  in  a  laboratory.  It  is  beyond 
a  doubt,  that  the  moflt  minute  circumftances 
have  their  efficient  caufes ;  and  thefe  caufes,  for 
the  moft  part,  are  fo  interwoven  with  the  more 
powerful  ones,  and  fo  moderate  their  efficaq^, 
that,  without  the  former,  the  whole  efied  can* 
not  be  appreciated,  hi  natural  philofophy,  no 
obfervations  are  trivial,  no  truths  infignificant. 
That  which  to  us  is  barren,  is  often  fo  for  this 
reafon  only,  that  we  do  not  fufficiently  know, 
nor  fufficiently  examine  it.  How  many  millions 
had  ufelefsly  beheld  the  falling  of  a  pear ;  yet, 
to  Newton,  this  moft  common  of  all  phsenomena 
fuggefled  the  theory  of  gravitation. 

(k)  The  experiments  of  others^  particularly  the 
more  remarkable  onesjjhould  he  candidly  reviewed. 

We  ihould  never  diftruft  the  experiments  of 
authors  of  credit ;  but  I  hold  it  ufeful  to  have 
new  inventions  confirmed  by  many  witnefTes  in 
different  places,  which  opens  a  wide  field  to  in- 
duftry. 

It  muft  be  confeffed,  that  many  things  occur 
which  are  more  clearly  and  better  underftood 
by  being  feen,  than  by  the  moft  exad  defcrip- 
tion.  In  repeating  any  of  Margraaf's  experi- 
ments, I  never  entertained  even  the  fm^lleft 
doubt  of  the  event.  The  accuracy,  the  dexte- 
rity, 
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rity,  and  found  reafoning  of  that  chemiit  are 
known  to  every  one  inftrufted  in  thefe  matters  ; 
neverthelefs,  I  have  repeated  many  of  theiii,  not 
without  advantage.  He  who,  at  his  defk,  me<^ 
ditates  on  the  faccharine  acid,  readily  concludes 
it  to  be  fugar  dilTolved  in  the  nitrous  acid,  and 
afterwards  cryftallizedj  but,  better  inftrufted 
on  making  the  experiment,  he  changes  his  opi- 
nion, and  learns  not  to  give  judgment  rafhly 
upon  the  experiments  of  others. 

One  thing  particularly  neceflary  is  candour j* 
in  obferving  with  equal  eye  thofe  fads  which 
controvert  our  opinions,  and  thofe  which  favour 
them.  It  is  well  obferved  by  the  celebrated 
Morveau,  that  we  never  profit  more  than  by 
thofe  unexpefted  events  of  experiments  which 
contradict  our  analogies  and  theories  :  It  often 
happens,  however,  that  he  who  fees  the  better, 
follows  the  worfe.  Thus  he  who  denies  that 
the  earth  of  vegetables,  feparately  taken,  is  not 
a  compound  body,  yet  grants  that  a  part  of  it  is 
foluble  in  acids,  confutes  himfelf  with  his  own 
argument  j  for,  of  an  homogeneous  mafs,  either 
the  whole  or  none  mull  be  taken  up. 

IL  The  phasnomena  of  a  body,  either  confi- 
dered  by  itfelf,  or  in  reference  to  other  bodies, 
have  their  foundation  either  in  the  body  itfelf, 
or  in  external  circumftances.  The  explanation 
of  thefe,  then,  muft  be  fought  for^ — i"  benefcirei 

''  eji 
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^^  efi  per  caufas  fcire**  Thefe  being  rightly 
known,  the  nature  and  properties  are  clearly 
underftood,  and  may  be  moulded  to  our  wifh« 
The  greateft  care,  however,  muft  be  taken  not 
to  embrace  falfehood  for  truth — therefore, 

(a)  In  the  inve/Hgation  of  caufes^  we  mujl  begin 
by  fbemmena  ft^cietaly  varied^  and  well  tAfer^ 
ved;  and  proceed  in  order ^  from  proximate  caufes 
1o  the  more  remote. 

The  quantity  and  quality  of  a  caufe  are  to  be 
jndged  from  its  effed ;  hence  the  better  that  is 
known,  the  more  nearly  can  thofe  be  deter- 
mined. This  way  is  extremely  laborious  and 
troublefome,  and,  befides,  very  tedious ;  info- 
much  that  we  are  often  found  to  confefs  the 
cauie  of  this  or  that  phasnomenon  to  be  yet  un- 
known :  But  the  laws  by  which  a  caufe  is  go- 
venied  in  its  operations,  being  once  eftabliOied, 
we  are  at  liberty,  in  many  cafes,  to  aflfume  the 
caufe,  as  if  known ;  and  I  had  rather,  with 
Newton,  ingenuoufly  cdnfefs  my  ignorance,  and 
know  few  things,  but  thefe  certain  and  deter- 
minate, than,  with  Des  Cartes,  explain  every 
thing  upon  forged  or  falfe  principles.  Cicero 
long  fince  faid,  *'  prajlat  natura  voce  doceri 
"  quam  ingento  fuo  fapere.^* 

By  how  trifling  an  appearance,  if  it  be  a 
pleafing  one,  we  may  be  deceived,  the  following 
example  will  (hew  : — It  is  known,  that  lirne^ 
well  burned,  has  loft  the  property  cf  effervef- 

cencc 
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cence  with  acids.  This  phaenomenon  is  trouble* 
fome  to  many  who  deny  the  exiftence  of  aerial 
acid..  At  length,  however,  an  evalive  expedi* 
ent  was  fuppofed  to  be  difcovered,  namdiy,  if 
burned  lime  be  put  into  highly  concentrated 
acids,  a  vifible  effervefcence  is  faid  to  take  place, 
which,  when  the  acids  are  weak,  cannot  be  feen^ 
as  the  fubftance,  being  dried  by  the  fire,  readily 
abforbs  them.  In  order  to  clear  up  this  miilake, 
it  is  only  neceflary  to  obferve  the  phaenomena 
with  accuracy : — ^Let  a  fmall  glafs  veflel  be  fil- 
led with  nitrous  acid,  throw  into  it  a  piece  of 
chalk,  immediately .  innumerable  bubbles  are 
emitted  from  its  whole  furface,  which  continue 
while  a  fingle  particle  remains  vifible  ;  during 
this  violent  agitation  a  thermometer,  dipped  ih« 
to  the  glafs,  fhews  not  the  flightefl  alteration  of 
temperature  (a).     Whether  the  acid  be  diluted 

or 

(tf)  M.  Moireau,  in  a  note,  which  I  have  tranflated 
(fee  p.  38 )»  truly  obfenres,  that  when  chaUc  is  diflbhed 
in  a  concentrated  acid,  heat  is  produced.  The  author 
Jiimfelf  (Op'u/c.  vol.  iii.  p.  64.)  fays»  that  calcareous 
earthy  while  it  was  diifolving  in  nitrous  acid,  raifed  the 
liquor  in  the  Swedifh  thermometer  from  + 1 4®  to  +  aoS 
and  lime,  not  flacked,  from  +  I4<»  tQ  +  84^.  He  at- 
tributes the  miftake  in  the  text  to  his  having  made  the 
experiment  with  too  fmall  a  quantity  of  materialsi  and 
having  employed  a  thermometer  not  fufficiently  fen« 
£ble. 

la 
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or  concentrated,  the  fame  jdisnomena  occur; 

Let  now  the  experiment  be  repeated,  only,  in-» 

You  I.  d  ftead 

In  die  fame  note,  H.  Mbnreaa  gives  an  eiplanatioiit 
vndoobcedl  J  erroneous,  as  I  liaTe  there  obfinred,  of  the 
beat  and  cold  produced  in  chemical  experiments. .  S<^ 
T.  Bergman  has  afligned  the  true  theory  in  hU  third 
Tolumc.  He  has  deduced  it  from  the  dyfierent  quan* 
ikj  €£  ffecific  fire,  or,  according  to  his  mode  of  expref- 
fion,  of  wuUter  ofbeat^  conttined  in  different  fubftances  t 
«  The  menftruumi"  iays  he,  «<  dcOrojrs  the  prefenC 
aggregation  of  panides,  and  a  new  compound  is  form- 
ed, which  fometimes  fixes  a  greater  quantity  of  the 
matter  of  heat  than  the  former  compound  \  in  thi^ 
cafe,  in  order  to  reftore  the  equilibrium,  the  heat  ia 
the  contiguous  bodies  muft  undergo  a  diminution,  and 
the  liquor  in  the  thermometer  will  of  courfe  defcend  : 
If  the  new  compoimd  fixes  a  imaller  quantity  of  the 
matter  of  heat,  the  furplus  will  be  let  loofe,  and  flow 
into  the  contiguous  bodies :  When  the  quantity  of  heat 
is  the  fame  in  both  compounds,  (which  feldom  bap* 
pens),  the  thermometer  will  not  be  at  all  affe^^ed."— 
Mr  Kirwan  has  lately  given  nearly  the  fame  explana* 
tion  of  thefe  phenomena,  in  the  Fhiloibphical  Traor 
fadions.  Evaporation  muft  be  taken  into  the  account : 
Wherefore,  in  the  laft  caft  fuppofed  by  Profeffor  Berg- 
nan,  the  liquor  in  the  thermometer  muft  fall  a  little. 
Mr  Kirwan,  if  my  memory  does  not  fail  me,  intimates 
this  circomftance,  but  does  not  expreisly  mention  it« 

Profeflbr  Bergman,  I  think,  in  more  paflages  than 
one,  obfenres,  that  the  great  difference  of  heat  in  a 
fcintion  of  aerated  and  cauflic  calcareous  earth,  is  a 
proof  that  this  earthy  when  it  yields  its  air,  fixes  a 

quancicy' 
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ftead  of  crude  chalk,  let  an  equal  piece,  weM 
burned,  be  ufed  :  Let  the  acid  be  diluted,  and, 
at  firft,  a  very  few  bubbles  appear,  but  loon 
fall ;  befides,  in  this  cafe,  a  confiderable  degree 
of  heat  is  produced,  fomewhat  lefs^than  loo^ 

If 

quantitj  of  the  matter  of  heat ;  but  he  who  reffeds  how 
xnuch  of  this  ailive  fluid  mud  be  abforbed  by  the  aerial 
acid,  as  it  pafles  from  its  folid  to  its  fluid  form^  ^lA 
ealily  be  perTuaded  that  this  confideration  will  explain 
much  of  the  difference.  The  fpecific  fire  in  the  com- 
pound of  nitrous  acid  and  calcareous  earth  is,  doubt- 
lefsy  in  both  cafes  equal. 

Thofe  who  are  acquainted  with  the  ufual  ofder  ob« 
ferved  m  printing  bodies,  know  that  prefaces,  prelimt* 
nary  difTcrtations,  &c.  pafs  through  the  prefs  laft.  This 
circumdailce  obliges  me  to  place  here  an  obfervation 
which  refers  to  page  48.  I  have  there  ventured  to  re- 
ject both  the  author's  and  the  French  annotator*s  hj* 
pothefes  refpefling  lime  too  much  burned,  and  to  of- 
fer another  explanation.  Since  that  note  was  written, 
the  third  volume  of  the  Opufcula  has  fallen  into  mj 
hands,  in  which  I  have  found  that  the  author  himfelf 
has  explained  this  phenomenon  from  the  very  fame 
fuppofition. — **  It  is  moft  probable,"  fays  he,  "  that 
a  (Irong  heat,  fuddenly  applied,  and  long  continued, 
occafions  a  kind  of  fufion  of  many  particles  lying  on 
the  furfacc,  molecula — -fujionis  fere  more  in  amhitu  coa* 
lefcere  incipsant^  &c."  The  reader  may  now  fafely  re- 
fufe  to  admit  the  author's  firft  fuppofition,  fince  more 
mature  confideration  has  induced  him  to  reje^  it  himi* 
fclf.  B. — But  it  is  now  certain  that  this  femi-vitrifi* 
cation  was  owing  to  the  admixture  of  argtllaceoiil 
earth,  which  is  very  often  contained  in  lime*(lone« 
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If  the  acid  be  fufficiently  concentrated  (but  not 
too  much)  at  firft,  not  only  fmall,  but  even 
large  and  numerous  bubbles  arife,  which,  how* 
ever,.foon  die  away,  and  all  vifible  motion  (lops, 
both  in  the  calcareous  mafs  and  in  the  acid  li- 
quor* In  this  cafe,  however,  a  very  intenfe  de- 
gree  of  heat  is  generated,  which,  if  the  piece  be 
large,  exceeds  ipo^ 

From  thefe  pbaeoomena,  attentively  confider- 
ed,  an  explanation  will  eafily  and  naturally  be 
deduced.  lit  the  latter  cafe,  for  infiance,  fo 
much  heat  is  produced,  that  the  watery  parts  in 
contaA  with  the  burned  chalk  boil  for  fome 
moments  ;  but  when  the  acid  is  diluted,  only  a 
few  air-bubbles,  which  occupied  the  pores  of 
0ie  fpongy  ms^s,  are  difcharged  by  the  expan- 
five  power  of  the  heat.  In  both,  however,  the 
^tion  is  (pon  at  an  end.  But,  with  the  crude 
chalk,  the  motion  continues  until  the  chalk  is 
totally  diflblved  :  This  motion  is  called  effer- 
vefcence,  and  muft  carefully  be  diflingui^hed 
from  ebullition. 

(b)  a  caufey  any  bow  indicated  by  fhammena^ 
nay  for  a  while  be  affumed  as  true  ;  and  from  it 
nuiy  be  deduced  the  necejfary  confequences^  whtch^ 
being  feparately  examined  by  fuitable  experiments^ 
ntber  confirm  or  overturn  the  pqfition. 

This  method  has  been  often  ufed  to  advan- 
tage in  mathematics,  and  ought  to  be  applied  in 
natural  philofophy,  as  a  teft  for  the  exapiination 

of 
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6f  various  hypothcres  and  conjcftures  ;  and  w« 
putt  confefs,  that  a  pofition,  all  the  legitinutte 
confequences  of  which  are  confirmed  by  crpc- 
riment^  may  properly  be  admitted  as  true.  lif 
Ail  cafe  we  have  a  problem  indeterminate,  of 
which  the  unknown  quantities  are  fought  by 
experiment. 

(c)  Befidesj  the  caufe  Jhouldj  if  fojfthle^  fo  be 
*  fompared  ivitb  the  effe&y  thai  the  exail  relation 
may  be  difcovered^  even  as  to  quantity. 

By  this  it  will  appear  whether  the  caufe  alone 
be  adequate  to  the  effef):,  or  whether  it  has  been 
aififted.  An  inftance  of  this  fund  occurs  in  the 
confideration  of  agriculture,  where  a  queftipn 
arifes  concerning  the  ufe  of  water  in  vegetation^ 

Finally,  /  aim  at  giving  denominations  to  things 
fs  agreeable  to  truth  as  pojftble. 

I  am  not  ignorant  that  words,  like  money, 
f  poflefs  an  ideal  value,  and  that  great  danger  of 
confufion  may  be  apprehended  from  a  change 
of  names  ;  in  the  mean  time,  it  cannot  be  de- 
nied that  chemiftry,  like  the  other  fciences,  was 
formerly  filled  with  improper  names.  In  diffe- 
rent branches  of  knowledge,  we  fee  thofe  mat- 
ters long  fmce  reformed:  Why  then  (hould 
chemiftry,  which  examines  the  real  nature  of 
things,  ftill  adopt  vague  names,  which  fugged 
.  falfc  ideas,  and  favour  ftrongly  of  ignorance  and 
impofition  ?  Befides,  there  is  no  doubt  but  that 
|nany  correQions  may  be  made  without  any  in- 
convenience : 


Coiiveiiieiice  :-^]f»  infteadof  ciil^TitrioU  tni 
fpmt  of  Thrioly  tre  ofed  the  terms  emdnnraied 

BO  one  would  be  thereby  eidier  confbniided  or 
mifled. 

Bet,  in  deicribiiig  new  fabftances,  it  it  necef* 
brf  that  names  fliould  be  conformable  to  the 
iBtnre  of  the  fubftaiices.  Thus,  inftead  of  Jlked 
air^  Ink  aerial  add,  becaufe  that  fluid  is  in  its 
nature  add,  and  not  oiAj  poffeSes  the  fubtleneft 
and  elaftidty  of  air,  but  dther  contaihs  pore 
sir,  or  foine  of  its  conftitnent  firindples ;  faf 
the  poreft  air  that  can  be  got,  on  the  accdEon 
rf  phlogifton  produced  this  fluid,  (the  aerial 
add) }  I  could  not  therefore  find  out  a  name 
better  ad^^d.  Some  think  that  this  fubtile 
add  is  the  (ame  as  phlogifticated  vitriolic  acid ; 
*  bat  whoever  has  feen  and  compared  the  two, 
cannot  feriouflj  defend  that  opinion. 

Let  me  have  permiflion  to  mention  here  ah 
obfervation,  which  feems  to  indicate  the  prefence 
of  phlogifton  in  the  aerial  add  :— Pure  vitrio- 
Ik  add  cannot  be  refolved  into  a  permanently 
daftic  fluid ;  but,  on  the  addition  of  phlogifton, 
an  aerial  fluid  is  generated,  (totally  different 
from  the  aerial  add),  which  is  not  condenfed 
by  cold,  unle&  it  touch  water  (b).    The  fame  is 

to 

{h)  We  haTC  now  much  fironger  2nd  more  dired 
prooGi  of  this  bypolhcfii  j  a&d  die  experience  of  ererf 
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to  be  faid  ot  the  nitrous  acid  ;  but  the  tnariot 
)cid  by  itfelf  is  refolvable  into  an  aerial  fluid. 
Now,  as  this  lad  acid  contains  pblogifton  as  a 
proximate  principle,  as  is  demonftrated  by  ana* 
lytic  and  fynthetic  experiments,  it  hence  feems 
to  follow,  that  the  aerial  acid  contains  the  prin- 
ciple of  inflammability  :  I  fay,  /eems  to  follow^ 
for  all  things  which  are  like  truths  are  not  there^ 
fore  true. 

Thefe  few  refledlons  it  was  proper  to  pre* 
xnife.  Let  the  fldlful  and  impartial  determine 
fr|th  what  fuccefs  I  have  Ibught  for  truth  in  the 

foUowino" 

day  feems  to  add  to  the  numbpr.  I  (hall  not  conGder  . 
them  here  ;  the  laft  IJflay  in  the  third  volume  will  af- 
ford a  more  favourable  opportunity;  I  have  in  con* 
temptation  fome  experiments  calculated  to  elucidate  * 
the  queftion  :  If  the  refults  (hall  furnifh  me  with  any 
informationy  I  will  there  lay  it  before  the  public.  In 
the  mean  time,  experimental  philofophers  would  be 
well  employed  in  analyfmg  this  acid  :  The  folution  of 
few  problems  will  throw  fo  much  light  upon  the  the* 
'ory  of  chemiftry.  If  the  aerial  acid  (hall  be  found  to 
confift  of  dephlogifticated  air  and  phlogiflon,  Mr 
Schccle*8  do6trine  of  heat  muft  fall  to  the  ground  ;  if 
not,  it  will  be  difficulc,  in  the  prefent  (late  of  chemical 
knowledge,  to  find  arguments  fufficicnt  to  overthrow 
It.  B.— Mr  Schccle*s  doiflrinc  is  now  univerfalJy  a- 
bandoned.  The  compofition  of  fixed  air,  too,  is  be- 
come very  problematical,  dnce  it  has  been  difcovered 
that  water  confifts  of  vital  and  inflammable  air,  and 
fince  the  exiftence  of  phlogifton  has  been  rendered  {» 
jk)ubtfiiL 
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Ibllowiiig  effiiys,  and  whether,  as  I  endeavoured 
to  aYoid  one  rock,  I  have  not  fplit  upon  aiN 
other. 

Moft  of  the  eflays  contained  in  this  firft  vo« 
hime  have  already  been  publifhed  feparately; 
but,  as  the  copies  were  foon  difperfed,  and, 
moreover,  as  fome  were  written  in  Swedifb, 
Ibme  in  Latin,  and  others  in  French,  I  have 
undertaken,  at  the  inftance  of  my  friends,  and 
more  efpecially  fuch  as  are  foreigners,  to  coIleA 
tbem,  and  tranflate  into  the  common  language 
of  the  learned,  thofe  which  were  written  in  other 
languages.  1  have  not  difpofed  them  in  the  or- 
der of  the  time  in  which  they  were  printed  ; 
but  I  have  rather  endeavoured  that  the  preceding 
fliould  illuftrate  thofe  which  follow.  I  have^ 
however,  mentioned  in  a  note  the  time  of  the 
firft  publication  of  each  eflay. 

In  the  firft  volume  I  have  inferted  thofe  effays 
which  relate  to  falts ;  in  the  fecond,  thofe  which 
refer  to  mineralogy  and  metallurgy  (hall  be 
comprized  ;  the  third  fhall  contain  the  doftrine 
of  attra&ions,  together  with  the  analyfis  of  fome 
organized  bodies  ;  the  fourth,  various  matters 
relative  to  natural  philofopby  and  natural  hifto- 
ry ;  and  in  the  following  I  will  publi(h,  if  God 
grant  me  life  and  ftrength,  other  chemical  ef- 
lays. 

I  fhall  be  fatisfied  if  the  following  experi- 
ments, which  were  inftituted  with  all  the  accu- 
racy 
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racy  and  fidelity  that  drcumft^ces  would  per- 
mit, Ihall  not  be  difplealing  to  thofe  who,  with 
me,  ferioufly  feek  for  truth.  Of  others,  I  i)ei- 
ther  defire  die  praife,  nor  fear  the  cenfure.  I 
ihall  not  be  furprifed  if  it  ihall  appear  that  I 
have  committed  miftakes }  but  I  wiih  they  may 
be  corre£ted  as  foon  as  poifible«  I  myfelf  wiU 
add,  to  the  foUowmg  volumes,  whatever  correc- 
tiims  or  additions  more  accurate  obfervation 
ihall  fuggeft  to  me.  Thofe  who  ihall  attempt 
to  obfcure  what  is  true,  will  iind  to  theur  diC> 
grace,  that  it  will  ihine  with  greater  luitre. 
Some  things  which,  in  one  place,  are  barely 
mentioned,  without  any  proofs  being  adduced^ 
are  fully  proved  elfewhere;  for  I  have  been 
anxious  to  advance  nothing  raihly.  I  therefore 
intreat  thofe  who  ihall  examine  my  aflertions» 
not  to  rejeft  them  hafUly,  but  to  coniider  the 
foundation  on  which  they  reft. 


o  F 
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ABOUT  the  ycSir  1770,  I  communicated  my 
ideas  concerning  the  nature  and  proper- 
tics  of  that  elaftic  fluid,  which,  under  the  title  of 
Fixed  Air,  exerdfes  the  fagacity  and  induftry 
of  the  philofophers  and  chymifts  of  the  prefent 
age,  to  my  foreign  correfpondcnts ;  among  whom 
it  is  fufficient  to  name  the  celebrated  Dr  Prieftly^ 
who  not  only  mentions  my  opinion  In  the  Philo- 
fophical  Tranfadions  for  the  year  17/3,  but,  in 
a  new  edition  of  his  excellent  Obfervations  on 
iUr,  has  confirmed  it  by  feveral  fine  experiments. 
The  Royal  Academy  of  Sciences  at  Stockholm 
have,  it  is  true,  inferted  in  their  Tranfa£lions  for 
the  year  1773,  ^  ^^^  treatife  of  mine  upon  that 
fiibjed.  However,  as  the  do^ine  contained  in  it 
dcferves  the  moil  accurate  examination,  and  the 
mod  minute  and  attentive  confideration,  I  here  re^* 
publifli  it,  confirmed  by  experiments  and  obfer* 
vatioas« 
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§  I.     Pf^hat  is  to  be  underjiood  by  the  term 
*'  Fixed  Airr 

For  the  purpofc  of  avoiding  ambiguity,  it  is  nc- 
ccffary  to  begin  by  explaining  certain  terms.  The 
term  "  Fixed  Air"  has  been  ufed  in  two  accepta- 
tions, one  more  extenfive,  the  other  more  limit- 
ed ;  in  the  former  it  is  taken  for  every  elaftic 
fluid  fet  at  liberty  during  the  decompofition  of 
bodies,  by  whatever  means  it  is  extricated,  and 
whatever  be  its  nature.  Thefe  fluids,  however, 
are  far  from  being  all  of  the  fame  kind ;  for  feme 
are  very  fufceptible  of  inflammation,  others  in* 
ftantly  extinguifh  fire.  The  reft  differ  not  a  little 
from  each  other ;  but  all  agree  in  this,  that  al« 
though  very  like  to  common  air  in  many  proper- 
ties, yet  they  appear  to  have  exifled  as  it  were 
fixed  in  bodies,  and  deprived  of  their  elafticityy 
which  they  do  not  recover  until  the  inftant  of 
their  extrication  :  hence  they  have  generally  been 
diftinguiflicd  from  common  air  by  the  epithet 
fixed.  If  this  denomination  muft  be  retained,  I 
do  not  deny  but  that  the  general  fignifJcatkm  a^ 
bove  explained  agrees  perfedly  well  with  it }  but 
the  other  more  rcftrided  fenfc  has  for  fome  time 
obtained ;  and  as  it  is  in  general  ufe,  I  am  under 
the  neceflity  of  adopting  it  in  the  following  Trca- 
tife,  denoting  by  it  only  that  fpecies  of  air  which 
is  found  in  alkaline  earths  and  fiUts^  extricable  b/ 

fir» 
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fire  or  acids,  and  which  iflfucs  in  great  quanti- 
ties from  many  vegetables  during  fermentation. 
This,  when  properly  depurated,  poflefTes  always 
the  lame  qualities,  and,  as  it  evidently  exhibits 
the  properties  of  an  acid,  I  call  it  (conformably  to 
its  nature)  the  Aerial  or  Atmofphaeric  Acid,  the 
rtabn  of  which  denomination  will  hereafter  ap« 
pear,  particularly  in  §  xxii.  and  xxiii. 

That  fpecies  of  air  which  fuddenly  deftroys  ani* 
mals,  and  is  entirely  unfit  for  refpiration,  is  call- 
ed Mephitic  Air,  fuch  as  is  found  in  the  cavern 
Bear  Naples,  called  Grotto  del  Cane,  and  in  ma- 
ny others.  This  pernicious  quahty  is  common  to 
moft  ehftic  fluids  which  have  been  fixed  in  bo- 
dies ;  fo  that  this  denomination  is  nearly  the  fame 
widi  that  oiFixed  Air^  taken  in  the  more  exten« 
fifefenfe. 

%  II.    How  pure  Fixed  Air  is  procured. 

There  are  three  different  methods  of  obtaining 
fixed  air  : — ^It  may  be  expelled  with  effervefcence 
bjr  a  ftronger  add  (a);  it  may  be  expelled  by  a 
faffident  degree  of  heat ;  or,  finally,  it  may  be  ex« 
tricated  by  fermentation.  We  (hall  defcribe  all 
thefi:  methods  in  order. 

(«)  The  author  in  this  place  confiders  fised  air  as  aa 
acid*  which  may  lie  expelled  from  the  fubftances  with 
which  k  is  united,  hj  means  of  a  ftronger  acid  ;  and  this 
eitrica:ion  of  fixed  air  is  attended  with  an  eServeC- 
ccDce.    C. 

A  a  To 


4  OF   THE    AERIAL    ACID. 

To  the  orifice  a  (PI.  i.  fig.  2  )  of  a  glafs  phial 
A  B,  let  there  be  cemented,  fo  that  no  air  can 
cfcape,  the  crooked  glafs  tube  e  f  o  ;  let  the  vcf- 
fel  be  nearly  half  filled  with  diflilled  water  ;  let 
there  be  added  pellucid  calcareous  fpar,  coarfely 
powdered,  until  it  almoft  rifes  to  the  furface  of  the 
water  c  d,  through  the  funnel  o,  cemented  to 
the  orifice  l,  and  imperfedly  clofed  by  the  glafs 
rod  p  ;  let  concentrated  vitriolic  acid  fall  in  drop 
by  drop ;  upon  which  innumerable  bubbles  will 
inftantly  arife  from  the  calcareous  particles  :  in  the 
mean  time  let  the  orifice  g  of  the  tube  remain 
open,  until  the  atmofphacric  air  contained  in  the 
upper  part  of  the  bottle,  and  in  the  tube,  be  en* 
rirely  expelled  by  the  more  ponderous  fluid  dif- 
charged  (^  xxiv.);  let  the  orifice  g  then  be  in- 
troduced under  the  mouth  of  the  veffel  h  g,  filled 
with  water,  and  inverted  with  its  mouth  beneath 
the  furface  of  the  water  in  the  veffel  m  n. 

This  being  done,  numerous  bubbles  will  rife 
into  the  veffel  h  i,  which  coHe^ing  above,  by  de- 
crees force  out  the  water,  When  the  water  is 
entirely  forced  out  from  the  Veffel  h  g,  the  cxtrc- 
mity  of  the  tube  is  to  be  removed,  the  bottle  clofe 
flopped  under  water  (b)^   and  the  air  conveyed 

(h)  The  dcfign  of  paifinjj:  the  claftlc  fluid  from  one  ▼cflel 
to  another,  is  merely  to  free  it  from  vitriolic  acid,  whofe 
actraAion  for  water  is  fo  ^rtzt,  that,  daring  its  paflagC)  it 
quits  the  fixed  air,  aad  aaitcs  with  the  water.    C. 

from 
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from  it  into  another  veflel  Q,  r,  of  a  (ize  fomewhat 
fmallcr  :  a$  a  portion  of  the  air  is  ^bfqrbed  in  its 
paflage  through  rhe  water,  the  aerial  acid  thus  cot- 
icdcd  in  Q,  R,  will  certainly  be  found  pure,  unlefs, 
perhaps,  mixed  with  a  fmall  portion  of  atmofphxric 
air,  which  can  fcarcely  have  been  completely  ex- 
peUed  by  the  fluid  extricated  during  the  eflfervef- 
ccnce.  If  the  vapour  fliould  contain  any  vitriolic 
acid,  this  laft  will  certainly  remain  in  the  water,  at 
kaft  after  the  fecond  paflage  through  it. 

If,  in  place  of  the  vitriolic,  the  nitrous,  muria- 
lie,  or  any'other  acid  (fo  diluted  as  not  to  fmoak 
(c)  )  be  applied  with  proper  care,  the  very  fame 
kind  of  air  is  produced,  the  ftrength  and  quantity 
of  the  acid  muft  be  fo  reguhted,  that  fcarcely  any 
heat  (hall  be  generated.  I  avoid  making  ufe  of 
dialk,   as  it  almoft  always  contains  marine  ai- 

^    ^  SECOND 

{c)  If  the  fmoakingy  nitrous,  or  marine  acid,  be  em- 
ployed.  It  IS  ebviousy  that  thefe  acids,  being  in  this  fUte 
extremcljT  volatile,  will  rife,  in  part,  along  with  the  fixed 
air,  which  confequently  will  not  be  pure.  The  caution  a- 
gainft  heat  is  founded  on  the  fame  principle.     C. 

(d)  If  chalk  containing  marine  acid  be  employed,  the 
heat  which  vitriolic  acid  generates  on  mixture  with  water, 
will  volatilize  the  marine  acid,  and  confequently  render  the 
£xed  air  impure.     C. 

Mr  Mbrveau  having  let  fall  a  few  drops  of  a  folution  of 
fiver  and  mercury  in  the  nitrous  add  into  diflilled  water  in 
vhich  chalk  had  been  boiled,. obferved,  that  the  former  fo* 
lation  inftantly  clouded  the  water ;  and  that  by  the  latter  a 
iivudl  quantity  of  yellow  precipitate  was  produced.  I  have 
A  3  repeated 
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SECOND       METHOD. 

Let  a  retort  of  green  glafs,  not  above  one  indi 
m  diameter,  be  provided,  with  a  very  flender 
neck ;  let  the  body  of  the  retort  be  filled  with 
magnefia  alba,  and  placed  in  a  crucible  furround* 
cd  with  gypfum,  and  the  whole  apparatus  be  fet 
in  a  portable  furnace  contiguous  to  its  fide,  fi> 
that  the  neck  ihall  not  be  expofed  to  the  fire ;  let 
a  glafs  tube  be  luted  to  the  neck  of  the  retort  very 

rq)eated  the  experiment,  with  the  fame  refult,  upon  one 
fpecimen  of  chalk ;  but  having  boiled  another  in  diftilled 
water,  I  found  that  neither  (elution  of  iilver  nor  the  acid 
of  fugar  deftroycd  the  tranfpareocy  of  the  water.  Mr  Du- 
hamel  has  long  fince  remarked,  that  **  during  the  combina- 
**  tion  of  quick-lime  with  the  mineral  acids,  a  quick  and 
*'  penetrating  vapour  is  difcharged,  which  precipitates  the 
•*  folution  of  filver.  This  circumitance,  added  to  its  o- 
^*  dour,  led  him  to  fufped  that  it  was  the  marine  acid*'* 
See  Lavoifier's  Eflayrs.— — -In  order  to  bring  this  fufpicioo 
of  Mr  Duhamel  to  the  teft  of  experiment,  I  boiled  feme 
quick-lime  in  water  ;  and  having  precipitated  the  diflfolvcd 
earth  by  means  of  fixed  air,  I  filtered  th<r  w^ter,  and  add- 
ed folution  of  filver  and  acid  of  fugar,  but  the  liquor  wat 
not  rendered  turbid  by  either  of  thefe  teds.  It  is  natural 
to  fnppofe,  that  the  marine  acid  generally  contained  in  cal- 
careous earth  would  be  volatilized  by  calcination,  lliat 
which  I  employed  had  been  well  burned  :  perki^M  Mr 
DuhamePs  had  not.  If,  therefore,  this  fuppofition  be  ad-» 
mifiible,  his  obfervation  will  mncidc  with  that  of  FraCeflbr 
Bergman*    B. 
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dofely,  (fb  as  not  to  give  exit  to  the  elaftic  fluid), 
and  fo  bended,  that  the  aperture  of  the  veflel  h  i, 
inverted  in  water,  may  be  hung  over  the  extremi- 
ty g  ;  let  the  erueible  then  be  made  red  hot,  and 
fiiflfer  the  air  bubbles  to  fly  oflF  until  the  common 
air  is  diffipated ;  then  let  the  air  which  afterwards 
comes  over  be  colle&ed  in  the  vefiel  h  i,  as  in  the 
former  method. 

I  make  ufe  of  a  fmall  retort,  both  that  the  mafs 
containrd  may  ealily  acquire  a  due  degree  of  heat, 
and  that  the  quantity  of  common  air  lodged  in  its 
neck  and  the  tube  may  be  fmall :  I  chufe  a  glals 
ircflel,  as  thofe  made  of  earth  have  often  difap- 
pointed  me,  by  giving  paflTage  to  the  elaftic  fluid 
dirough  chinks  fo  fmall  as  not  always  to  be  difco- 
▼ered  by  the  eye^  Magneiia,  when  fcarcely  igni* 
ted,  emits  its  fixed  air  with  cafe ;  whereas  calca^ 
Ycous  earth  retains  it  with  much  greater  obftinacy; 
fi)  that  if  the  latter  be  employed,  a  much  more 
Tefaement  fire  is  necefl^ry  :  1  furround  the  body 
of  the  retort  with  gypfum,  that  it  may  not  flow  by 
the  violence  of  the  heat,  but,  on  the  contrary,  grow 
more  refradory  by  the  cementation,  and  acquire 
the  properties  of  Reaumur's  porcelain, 

THIRD       METHOD. 

This  method  differs  from  the  two  former ;  for 

bere  the  elaftic  fluid  is  produced  by  fermentation. 

It  is  nearly  immaterial  what  fermenting  mixture 

A  4  v;c 
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wc  employ ;  but  I  generally  make  ufe  of  the  foI« 
lowing  :  — 

In  a  bottle,  of  which  the  capacity  is  350  cubic 
inches,  I  mix  20  oz.  of  fugar,  and  as  mudi  of 
good  yeaft,  with  200  cubic  inches  of  water  ;  in  fix 
or*feven  hours,  and  in  about  15°  (^e)  of  heat,  the 
common  air  is  generally  expelled;  I  then  adapt 
the  orifice  g  of  the  crooked  tube  to  the  mouth  of 
the  bottle  h  i,  and  bubbles  immediately  rife.  The 
fermentation  goes  on  equally  well,  if  the  tube  be 
at  firft  adapted  to  the  neck  of  the  bottle,  the  ac- 
cefe  of  air  not  being  neceflary ;  it  is  fufficient  that 
an  exit  be  allowed  to  the  ^laflic  fluid,  as  I  have 
often  experienced. 

It  is  neceflary  to  take  care,  in  this  as  well  as 
the  former  methods,  that  the  tube  e  f  g  be  not 
too  long,  as  the  difficulty  of  the  procefs  increafcs, 
in  proportion  to  the  quantity  of  air  to  be  remo- 
ved :  let  us  fuppofe  this  rcfiftance  =1  r,  and  the 
claftic  force  of  the  fluid  generated  at  one  time 
r=  fc,  it  is  manifcft,  that  if  r  =  e  there  will  be  no 
room  for  expanfion,  and  confequcntly  no  difen- 
gagemcnt  can  be  cft'eifled,  either  by  effervefcence, 
by  fire,  or  fermentation,  as  the  following  experts 
ment  may  ferve  to  fliew  : — 

(e)  In  the  Swcdifh  thermometer,  the  fpacc  between 
the  freezing  point  and  the  heat  of  boih'ng  water  is  divided 
into  100  deg.;  fo  that  10  of  thef«  degrees  are  equal  to 
J  8   of    Fahrenheit's    fcale.      Wherefore,    15^  ^  27,  and 

Prepare 
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Prqnre  a  ftrong  bottle,  nearly  full  of  water,  to 
^hich  let  chalk  or  cryftallized  alkali  be  added ; 
let  it  then  be  filled  with  any  acid,  and  quickly 
and  clofely  flopped  :  at  firft,  indeed,  a  few 
bubbles  appear,  but  this  appearance  foon  ceafes, 
and  the  mixture  renuuns  clear,  even  for  years; 
provided  no  exit  is  allowed  to  the  elaftic*  fluid, 
and  fuch  a  portion  (/)  only  be  (aturated,  that 
the  water  can  take  up  its  fixed  sur  ;  but  the  very 
fmalleft  aperture  immediately  excites  a  mod  vio* 
lent  effervefccnce. 

The  air  which,  is  colle£led  by  the  fecond  and 
third  methods  may,  like  that  got  by  the  firft,  be 
waihed  (jf) ;  and  by  whichever  of  thefe  methods 
(though  fo  very  diflferent)  it  is  obtained,  it  exhi- 
bits  exadly  the  fa^e  properties* 

5  1 1  !•    General  Properties  ofj4cids. 

Saline  fubftances  are  ufually  diftinguKhed  from 
others  by  their  fapidity,  and  folubility  in  water. 
Thofe  which  are  fpecifically  called  acids,  exhibit 

(/)  If  b  large  a  portion  of  the  chalk  or  alkah*  be  {a* 
panted,  before  the  ▼eflel  is  clofed,  that  the  water  is  not 
able  to  abforb  the  elaftic  fluid  extricated  by  the  fatura* 
tion»  the  vellel  will  borft.  It  is  neceflary  therefore  to 
doie  the  veflel  verj  fuddenly,  or  the  experiment  will  not 
foccecd.     C. 

(g)  Bj  p^iEsig  k  through  water  from  one  Teffel  int9 
aiuithcr.    C. 

very 
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very  diftinft  charaftcrs,  peculiar  to  themfelves, 
which  are  now  to  be  enumerated ;  of  thefe  the 
ift,  6th,  and  8th^  are  common  to  other  ialine 
bodies,  but  in  a  mode  and  degree  very  different. 

ift.  They  very  readily  unite  with  water;  2d, 
They  have  an  acid  taftc ;  3d,  They  change  the 
blue  juices  of  vegetables  to  red ;  4th,  They  have 
a  very  ftrong  affinity  with  alkaline  falts,  and  form 
with  them  compounds  milder  than  either  of  the 
conftituent  parts,  which  are  frequently  difpofed 
to  cryftallize ;  5th,  They  diffolve  fcveral  earths  ; 
and  alfo,  6th,  Some  metals  ;  7th,  They  precipitate 
fubftances  diffolved  in  alkalis ;  and  Sth,  They  fire-* 
quently  attrad  inflammable  matters  flrongly. 

If,  then,  every  one  of  thefe  properties  be  found 
to  belong  to  pure  fixed  air,  properly  colle&ed  and 
depurated,  I  hope  its  acidity  will  no  longer  be 
called  in  queflion.  We  ihall  therefore  examine 
all  thefe  circumflances  in  order. 


§  IV.    derated  IVater. 

Let  the  bottle  q,  r,  filled  with  the  pure  elaftic 
fluid  (J  II.)  in  a  place  where  the  thermometer 
(lands  but  a  little  above  the  freezing  point,  Be 
fet  in  a  veffel  of  water,  with  its  mouth  deprefled, 
by  means  of  weights,  almofl  to  the  bottom  of  the 
veffel,  that  the  union  may  be  accelerated  by  the 
preffure ;  and  the  water  will  be  found  to  rife  by 
degrees,  fo  that  at  the  end  of  8,  10,  12,  or  more 

hours. 


OT  THE  AERIAL  ACID<  ii 

honrs,  according  to  the  fize  of  the  bottle,  it  will 
be  filled  with  water,  for  the  union  will  have  com- 
pletely deprived  the  fixed  air  of  its  clafticity.  If 
after  that  a  portion  of  the  elaflic  fluid  be  introdu- 
ced into  the  bottle,  the  water  will  rife  but  little, 
or  none  at  all.  In  an  heat  of  about  5 '  (/;)  wa- 
ter will  abforb  a  quantity  of  fixed  air,  fomewhat 
more  than  equal  to  itfrlf  in  bulk ;  in  1  o<^  (/)  a 
quantity  fcarccly  equal ;  and  in  temperatures  flill 
warmer  it  abforbs  a  quantity  fo  much  the  lefs,  as 
the  mercury  ftands  the  higher.  The  quantity  ne« 
ceflary  to  faturation  can  hardly  be  determined 
with  perfect  accuracy,  as  the  water,  becoming 
heavier  when  faturated  with  the  elaflic  fluid,  finks 
by  degrees  to  the  bottom,  and  leaves  the  fpace  it 
before  occupied  to  the  lighter  water,  as  would 
happen  to  any  other  faline  folution. 

This  union  may  be  eflFedted,  and  that  even  in 
a  few  minutes,  by  other  methods ;  for  inflajice, 
if  by  agitation  we  encreafe  the  number  of  points 
of  contact — But  of  this  I  treat  more  at  large  elfe* 
where  (^),  therefore  have  here  only  mentioned 
the  mofl  fimple  method. 

The  fpecific  gravity  of  aerated  water  (to  make 
vfe  of  a  new  expreflion)  I  found  to  be  to  that  of 
diflilled  water,  nearly  as  10,015  to  10,000^  the 
thermometer  flanding  at  2^  (/)• 

(iJ)4i<»ofF.    B.  {/)5oOrfF.    B- 

(i)  Vid.  Analyfis  Aquarum. 
(/)  35^«r36^rfF,    B^ 

Watc^ 
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Water,  therefore,  and  that  fubtilc  vapour  of 
which  we  arc  treating,  readily  unite ;  but  as  the 
latter  is  very  volatile,  a  great  part  of  it  flies  ofl^  in 
the  open  air,  and  the  quicker  in  proportion  to  the 
heat  of  thr  mafs ;  in  the  mean  time,  as  it  dimi- 
nifhcs,  the  remainder  is  retained  more  obftinate- 
ly ;  fo  that  boiling  for  half  an  hour  is  necefTary, 
to  difcharge  the  whole.  Congelation  feparatcs  it 
readily  and  completely. 

'1  he  aii-pump,  it  is  true,  extrafts  bubbles  from 
equal  quantities  of  plain  water  and  of  aerated  wa- 
ter, but  a  confiderabic  difference  is  obfcrved ;  foir 
when  a  portion  of  the  aerial  acid  is  thus  difchar- 
gcd,  it  may  be  eafily  difcovcred  by  the  tafte,  the 
water  being  found  to  have  a  vapid,  lefs  acidulous], 
and  lefs  pungent  flavour, 

§  V.     Fixed  u4ir  has  an  acid  Tajie. 

As  this  air  is  in  form  of  an  elaftic  vapour,  it 
can  hardly  be  tafled  by  itfelf,  at  Icaft  diftinftly;' 
but  if  it  be  united  with  water,  which  is  in  itfelf 
void  of  flavour,  being  accumulated  and  rendered 
lefs  volatile  by  this  union,  it  readily  affedks  the 
tongue  with  a  weak  but  agreeable  acidity.  This 
is  the  real  fpirit  of  the  cold  mineral  waters,  which 
undoubtedly  occafioned  them  to  be  called  acidu- 
lous ;  and  by  means  of  which,  together  with  a 
due  proportion  of  fuitablc  falts,  we  may  perfefUy 
imitate  the  Seltzer,  Spa,   and  Pyrxiiont  waters. 
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Such  artificial  waters,  I  have  now  been  ufmg  for 
eight  years  with  fignal  advantage. 

It  is  very  remarkable,  that  water  fo  cold  as  on- 
ly to  exceed  the  freezing  point  by  a  few  degrees, 
though  faturated  with  fixed  air,  gives  out  fcarcc 
any  fcnfiblc  flavour,  but  if  fet  for  a  quarter  or 
half  an  hour  in  15°  or  20<>  (w),  it  by  degrees  e- 
volves  its  pungent  and  grateful  acidity :  nor  is  it 
difficult  to  account  for  this  phaenomenon,  as  it  is 
fufficiently  illuflrated  by  the  known  properties  of 
neutral  falts,  the  more  clofely  the  two  principles 
cohere,  the  lefs  fapid  is  the  compound ;  on  the 
contrary,  the  loofcr  their  connexion,  the  more 
fcnfible  is  the  effect  of  the   compound  on  the 
tongue :  now  in  this  cafe,  as  cold  (trengthens  the 
union  of  the  water  with  the  air,  and  heat  tends  to 
loofcn  it,  firom  thence  the  explanation  of  the  phe- 
nomenon is  eafily  derived. 

But  alkaline  falts  not  only  very  quickly  deftroy 
the  pungent  flavour,  but  even  make  the  water 
totally  vapid,  which  it  is  not  difficult  to  account 
for :  if  any  portion  of  thend  be  cauflic,  that  is, 
not  faturated  with  fixed  air^($  vii.)  their  produ- 
cing the  fame  effeft,  though  in  a  flighter  degree, 
even  when  they  are  fully  faturated  with  air,  feerag 
to  indicate  that  they  attraft  fixed  air  more  power* 
fally  than  water  does,  and  have  even  the  propqr- 
ty  of  accumulating  it,  fo  as  to  be  fuperfaturated ; 
particularly  as  a  few  drops  of  the  mineral  acids  re^ 

(«)  15^=  59%  and  20^ = 63*  of  F.    B. 

(lore 
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ftorc  the  flavour  of  the  water,  by  attackirtg  the 
alkaline  falts,  an4  expelling  the  elaftic  fluid,  which 
is  therefore  again  abfbrbed  by  the  furrounding 
water  (tf). 

5  V I .    Fixed  Air  aUs  like  a  weak  j4cid. 

The  acid  nature  of  fixed  air  is  difcovcrablc  by 
other, figns  befides  its  tafl:e.    If  the  water  in  the 

bottle 

(n)  *^  This  accumulation  of  gas  in  aerated  alkali/'  ob* 
fervcs  Mr  Morveauy  **  does  not  coincide  with  the  laws  df 
the  crydallization  of  neutral  (alts :  perhaps  it  would  be 
better  to  fay,  that  the  union  of  the  water  and  the  fkit 
loofens  the  combination  of  the  latter  with  the  fixed  air* 
There  is  at  leaft  no  proof  that  the  reftoration  of  the  fa- 
vour* on  the  addition  of  the  acid*  is  not  fdely  owing  tm 
the  fixed  air*  which  was  a  conftituent  part  of  the  aerated 
alkali,  and  is  thus  difengaged,  according  to  Mr  Vcnel'a 
method."     The  law  to  which  Mr  M.  alludes  is  not  with- 
out exception.     Cream  of  tartar  and  tartarus  tartarifiitus» 
calomeU   and  corrofive  fublimate,   volatile  vitriolic  acid» 
and  fulphur,  are  fuch  obvious  inftances  of  the  union  of  the 
fame  principles  in  different  proportions,  as  (hould  have 
made  him  more  cautious  ft*  pronouncing  on  the  improba^ 
bility  of  a  fuperabundant  portion  of  fixed  air  combining 
with  alkali.-    On  this  occafion  it  may  not  be  impertinent 
to  remark,  after  an  ingenious  teacher  of  chymiflry,  that 
there  prevails  very  generally  an  inaccurate  and  unphilofo^ 
phical  way  of  conceiving  and  expreffing  fuch  combination^ 
as  ar«  mentioned  above.     Two  bodies  can  hardly  be  imagt-> 
Bed  to   combine  in  more   thau  one  certain   proportion. 
H0W9  then,  it  will  be  aikedy  are  wft  to  explain  thefe  in- 

fiances  ^ 
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botd^  0;  R  be  tinged  with  tui^fole  to  a  perfe£t 
blue,  when  fixed  air  fufficient  to  fill  about  the  -^ 
of  the  veflel  has  pafled  through  it,,  it  will  be  mani<* 
feftly  red :  a  faturated  tinAure  of  turnfde  is  or- 
dimnrily  of  a  violet  colour,  but  when  fufficiently 
dilated  lofes  all  the  reddifli  tinge,  and  in  that 
ftate  therefore  it  is  particularly  proper  for  this 
purpofe. 

In  like  manner,  one  part  of  water  faturated 
^ivith  fixed  air,  makes  50  parts  of  the  above  tinc- 
ture diftindly  red. 

This  change  of  colour,  however,  occafioned 
by  the  fixed  air,  foon  di&ppears  in  an  open  veflel, 
pardcularly  if  it  be  expofed  to  heat,  or  the  rays 
of  the  fun ;  a  circumflance  which  indicates  the 
Tofattik  nature  of  the  acid  that  produces  the 
change:  a  fmall  portion  of  mineral  acid,  it  i$ 
tmc,  fcems  to  yield  afugitive  red,  but  when  ac- 
curately exaibined,  a  fallacy  appears,  for  the  wa- 
ter abounds  with  the  alkaline  materials  with  which 
the  tumfole  juice  has  been  prepared ;  thcfe  fcizc 
^mineral  acid  as  foon  as  it  is  added,  and  give 
•  ^^  their  fixed  air  to  the  furrounding  liquor^ 

™ce8?— By  fuppofing  that  a  compound  becomes  in  this 
>^pe3  an  element,  and  unites  with  one  of  its  conflituent 
I*t»,  In  order  to  form  a  new  compound.  Thus  corrofive 
wbliinatc,  which  is  itfelf  formed  by  the  union  of  mercury 
^  another  fait,  unites  with  mercury  to  compofe  calomel. 
^^  the  fame  way  we  are  to  conceive  of  the  combinations  of 
'itnoKc  acid  and  phlogifton,  and  of  many  others.     B. 

hence 
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hence  a  rcdncfs  is  obfcrvcd,  which  vaniflic* 
when  this  air  is  evaporated. — ^Lct  us  now  fup* 
pofe  that  the  alkali  contained  in  the  liquor 
requires  m  parts  of  mineral  acid  for  fatura- 
tion,  hence  -^  parts  may  be  ten  times  added  be* 
fore  the  faturation  is  complete,  and  fo  often  a  fu- 
gitive rednefs  will  be  produced ;  but  after  the  fa- 
turation is  completed,  what  is  added  will  either  at 
once  produce  a  permanent  red,  or  gradually 
change  the  blue  to  red ;  here  then,  it  is  obvious 
that  the  fugitive  red  colour  is  not  to  be  attributed 
to  the  mineral  acid,  but  to  the  fixed  air. 

Syrup  of  violets,  and  fuch  other  blue  vegetable 
juices  as  I  have  hitherto  tried,  are  not  reddened  by 
fixed  air;  the  tindure  of  tumfole  is  of  all  known 
tinQures  moft  eafily  afted  upon  by  acids,  there- 
fore the  flighteft  veftiges,  which  cannot  by  any 
other  means  be  difcovered,  are  by  this  tindure 
eafily  detected.  Befides,  all  acids  have  by  no 
means  equal  ftrength  and  efficacy :  diftilled  vine- 
gar makes  fyrup  of  violets  red,  yet  is  not  power^ 
ful  enough  to  caufe  any  alteration  in  the  colouf 
of  the  blue  paper  which  is  ufcd  to  cover  fugar- 
loaves ;  and  the  colour  of  indigo  does  not  yield 
even  to  the  moft  concentrated  vitriolic  acid# 
Hence,  though  the  aerial  acid  alters  only  tindure 
of  tumfole,  no  conciufion  is  to  be  deduced  from 
this  circumftance  againft  its  acidity,  all  we  can 
infer  is,  that  it  is  weaker  than  the  rclt  j  on  the 
contrary,  wc  are  confirmed  in  the  opinion  that  M 

acid 
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acid  propeifrics  do  not  depend  upon  an  extraneous 
acid }  for  if  that  were  the  cafe,  this  extraneous 
acid  might  be  fo  accumulated  as  to  overcome  the 
more  permanent  blue  colours. 

It  is  alfo  obfervable,  that  aerated  water,  free 
from  every  other  acid,  fcarcely  makes  any  change 
in  the  colour  of  paper  tinged  with  turnfole,  al-* 
though  it  tnakes  the  tindufe  diftinftly  red ;  the 
teafon  is,  partly  becaufe  a  fufEcient  quantity  of 
this  fubtile  acid  cannot  come  at  once  in  contadt 
with  the  plane  furface,  and  partly  becaufe  the  acid 
is  in  the  former  cafe  at  liberty  to  follow  its  natu« 
ral  tendency  to  volatilization  (o). 

5  VII.    j4erated  Vegetable  Alkali. 

Let  the  mouth  of  the  veflel  a  R>  filled  with  fix- 
ed air,  be  immerfcd  under  the  furfacie  of  water 
nearly  faturated  with  pure  alkali  of  tartar,  and 
the  lixivium  will  gradually  rife  in  the  veffel ;  when 
it  18  at  length  faturated  with  the  elaftic  fluid,  let 
U  be  poured  into  a  proper  vcflcl,  and  fet  by  in  a 
^  place  for  fome  weeks,  by  that  time  cryftals 
^  be  fecn  adhering  to  the  fides  and  bottom  of 

\^)  The  serial  acid  being  diffufed  over  the  paper,  pre- 
'^ts  J  much  larger  furface  to  the  conta^  of  air,  and  is 
t*^^orc  fooner  volatilized,  than  when,  being  mixed  with 
toe  water,  the  furface  of  the  water  is  the  only  furface  of 
^^poration.     C. 

Vol.  I.  B  the 
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the  veflel ;  fuch  of  thcfe  cryftals  as  arc  regulai^ 
appear  to  be  quadrangular  prifms,  the  apices 
confifting  of  two  triangular  planes,  inclined  to 
each  other,  fomcwhat  like  the  roof  of  an  houfe 
(/?).  The  laturation  of  the  ley  may  be  coUeded 
from  its  not  imbibing  any  more  fixed  air.  If  the 
water  contains  too  much  alkaline  fait,  cryftals 
will  be  produced  even  in  the  bottle*  The  fame 
alkali,  diffolved  in  water,  previoufly  (aturated  with 
air,  produces  by  cryftallization  fimilar  figures} 
thefc  cryftals  neither  deliquefce  in  moift  air,  nor 
efflortfcc  in  dry,  but  always  retain  their  tranfpa- 
rency :  they  may  not  improperly  be  called  aerated 
vegetable  alkali,  as  thofe  falts  which  are  {aturated 
with  vitriolic  acid  are  diftinguifhed  by  the  term 
vltriolatedy  joined  to  the  name  of  that  bafc  with 
which  the  acid  is  united. — All  fubftances  (aturated 
with  fixed  air  I  (hall  call  hereafter,  for  brevity 
fake,  aerated^  thereby  indicating  that  they  con- 
tain that  acid  which  is  always  prefent  in  commoil 
air  (§  XXII.  xxiii). 

Thefc  cryftals,  in  a  moderate  temperature,  re- 
quire for  folution  four  times  their  quantity  of  wa- 
ter. On  calcination  they  fall  to  powder^  and  lo(e 
t\V  of  their  weight,  but  by  a  (low  diflblution  in 
acids  they  lofe  -^  only ;  hence  it  appears  that  in 


{p)  As  two  of  the  faces  are  much  larger  than  the 
othersy  it  would  be  as  exad  to  define  them  parallelopipedt, 
of  which  the  oppofite  iides  have  parallel  inclioationt.  Mor* 
▼eau. 

10# 
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lo6  parts  of  thcfe  falts,  there  arc  32  of  water, 
^o  of  fixed  air,  and  48  of  pure  alkali  (9)  ;  hence 
it  alfo  appears  that  100  parts  of  pure  vegetable  al- 
kali i^eqidre  liearly  42  of  fixed  air  to  faturate  them. 
Complete  ealcinition  expels  both  the  fixed  air  and 
die  watet*,  whereas  the  acids,  if  properly  applied 
(f  VIII.),  expel  the  former  only.  However,  \ti 
the  prcfcnt  cafe,  it  is  fcarcely  poffible  to  expel  all 
the  fixed  air  by  meatis  of  fire,  unlefs  by  an  ex- 
ceedingly tedious  and  tfoublefome  calcination^ 
ITic  principle  on  which  the  cortofive  quality  of  al- 
kaline faks  depends  will  be  explained  in  §  xt. 

The  cffervefcence  which  thefe  falts  raife  with 
adds,  depends  upon  exputfion  of  the  particles  of 
fi^ed  air  by  the  fuperior  power  of  the  ftronger 
add,  and  upon  the  recovery,  at  the  fcime  inftant, 
irf  thdr  clafticity,  which  had  been  either  loft  or 
repre&d ;  they  muft  therefore  rife  to  the  top  by 
didr  fpecific  levity,  and  occafion  a  foam  on  the 
fur&ce. 

The  tafte  of  the  cryftals  is  indeed  alkaline,  but 
tnild,  and  not  at  all  acrid ;  if,  however,  by  means 
q£  caldnation,  or,  which  is  better,  by  means  of 
quickJiiiie,  they  be  entirely  deprived  of  fixed  air, 
they  are  converted  into  a  fisdt  highly  acrid  and  cor- 
fofive,  which  is  therefore  commonly  called  cau- 
ftic,  and  very  readily  deliquiates  in  the  open  air  ; 
the  reafon  is,  that  it  is  now  left  to  itfdf,  and  can 

(f )  For  48 :  20=  100  i  41-}^  or  42  nearly.    C. 

B  2  fully 
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fully  excrcife  its  natural  acrimony,  which  had 
been  reprefled  and  weakened  by  the  union  of  fix- 
ed air.  llie  fame  phacnomenon  takes  place  with 
the  ftrongeft  acids,  which  being  faturated  with 
an  alkaline  or  earthy  bafis,  yield  mild  compound 
falts.  Thofe  who  attribute  caufticity  to  phlogi* 
(Ion  fccm  to  have  forgotten  that  by  means  of 
that  fubftancc  the  mod  highly  concentrated  vitrior 
lie  acid  becomes  a  fulphur,  totally  void  of  acri- 
mony; that  by  means  of  the  fame,  the  acid^ 
of  vitriol  and  nitre  are  fo  weakened  that  they 
may  be  expelled  by  concentrated  vinegar;  and 
finally,  that  all  acids  are  dulcified  by  fpirit  of 
wine  fr). 

The 

(r)  **  I  am  renfible  of  all  the  force  of  tbefe  objcdionti 
yet  I  will  obferve,  Firft,  That  the  vitrioh'c  acid  does  not 
exift  entire  in  fulphur,  any  more  than  the  nitrous  acid  in  ni- 
.  trous  air,  or  the  phofphoric  acid  in  phofphonis ;  that  tbeif 
acids  do  not  combine  with  phlogifton  till  they  have  loft  tfaok 
air ;  and  that  they  cannot  refume  their  acidity  till  ihej 
have  recovered  their  air,  which  is  a  conftituent  priiict^ 
of  that  flate. 

"  On  the  other  hand,  it  is  no  lefs  evident,  that  a  fiibflance 
can  yield  thofe  principles  only  which  it  contains :  now  dit 
cauftic  alkalis  evidently  impart  phlogifton  to  the  precipi* 
tates  of  metallic  folutions  ;  and  hence  I  have  delivered  ft 
as  my  opinion,  that  alkalis  and  calcinable  earths  ought  to 
be  placed  among  thofe  fubflances,  perhaps  more  common 
than  is  generally  fuppofed,  which  cannot  be  difengaged 
from  all  combination,  and  which  do  not  lofe  one  compo- 
nent part|  but  by  the  interpofition  of  anotlicr  principle 

thai 
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TTic  cauftic  alkafi,  vrbcn  pure,  (by  which  I  un- 
deribnd,  deprived  of  its  water,  and  particularly 
of  its  fixed  air),  if  expofed  to  the  atmofphere,  at- 
trafis  fi'om  thence  moifture  in  fuch  quantity  as  to 
be  cBflbhred ;  and  hence  it  is  called  oil  of  tartar 
per  ddiquium.  This  again  is  gradually  faturated 
with  fixed  2ur  from  the  atmofphere,  in  confe* 
qocnce  of  which  it  forms  cryftalline  vegetations 
on  the  fides  of  the  veffeL 

There  are  to  this  day  perfons  who  infift  that  the 
Tcgetabie  alkali  cannot  be  exhibited  in  form  of 
cryfiak,  notwithftanding  that  Profcffor  Bohnius 
(/),  of  Leipfic,  fo  long  ago  as  the  end  of  the  la(t 

liutt  contmues  to  adhere  to  them.  (See  EL  de  Ch^mie. 
D^a.  ▼ol.  ill.  p.  247.).  It  will  be  feen  in  the  feqael  of 
tkU  diflertatioD,  that  the  author  himfelf  inclines  to  this 
Ofnnion* ,  fioce  he  admits  a  portion  of  the  matter  of  heat  iu 
omftic  earths  and  falts,  of  which  even  folution  in  water 
Gumot  deprive  them."  Morveau.— I  think  that  the  cond- 
derations  here  alledged  do  not  much  invalidate  the  author's 
d^/t&wont  to  that  opinion  which  attributes  caufticity  to 
pUogiftoii.  Cauftictty  may  perhaps  be  defined— r-tha^  ten« 
dcncj  to  combination  which  matter  in  general  pofl*e(!e8, 
dcrted  on  the  living  and  fenfible  body.  Thus  the  cauili- 
Aj  of  acids  feems  to  l>e  in  proportion  to  their  power  of 
combiiiatxony  and  that  of  neutral  ialts  inverfely,  as  the  ad- 
Vcfen  of  the  acid  to  iu  bafis.  But  I  beg  leave  to  refer 
tlie  reader  to  the  article  **  Caullicity,"  in  the  new  edition 
ot  Mr  Macquer's  Di^ionary,  where  he  will  find  the  fub- 
le£t  diicufied  with  the  nfual  addrefs  of  that  elegant  and 
perfpicuous  writer.     B. 

(/)  Sec  Bohnius,  DiiF.  Phylico  Chym.  ann.  1696,  p.  381. 

^  .  B  3  century. 
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century,  had  dcmonftratcd  the  contrary;  buthiah 
method  had  been  fo  long  unknown,  that  it  was 
lately  offered  to  the  public  as  a  new  difcovcry  (t). 
Although  the  vegetable  alkali  attrads  fixed  dr 
very  powerfully,  yet  it  is  difficult  to  obtain  a  com- 
plete faturation ;  for  in  proportion  as  the  number 
of  cauftjc  particles  is  diminiihcd,  they  are  the 
more  widely  diffufed  through  the  fluid  mafs; 
hence  it  follows  that  they  more  faintly  attrad,  and 
more  difficultly  meet  with  the  elaftic  fluid,  a  cir- 
cumftance  which  occurs  in  almoft  every  (atura- 
tion.  During  cryftallization  fome  particles  ftill 
remaining  cauftic,  fully  the  water  of  the  cryftals, 
as  is  fecn  from  the  colour  of  the  precipitate  of 
corrofive  fublimate  which  this  alkali  produces. 
Thus  pure  fixed  alkali  precipitates  a  ferrugineouj 
mercurial  calx,  but  when  fully  faturated  with 
fixed  air,  it  precipitates  a  white  one.  The  vege- 
table alkali,  perfeftly  cryftallized,  precipitates  a 
whitifh  calx,  fullied  with  yellow  particles ;  where- 
as, if  thefe  cryftals  be  powdered,  and  expofed  to 
the  air  upon  bibulous  paper  for  fome  days,  they 
lofe  all  their  caufticity,  and  precipitate  fublimate 
in  form  of  a  white  powder :  this  white  colour  de- 
pends upon  fixed  air  adhering  to  the  mercurial 
calx.  — §  XXI.  Mercury  diffolvcd  in  nitrous  aci4 

(/)  Hence  we  may  fee  how  far  Mr  Lavoifier  is  mifta- 
ken,  when  he  affcrts,  that  the  original  difcovery  of  the 
cryftallization  of  vegetable  alkali  belongs  to  Mr  DuhameL 

producer 
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produces  different  appearances,  according  to  the 
4liffcrcnt  methods  of  preparation :  thus,  if  the  fo- 
ludon  be  effeded  in  the  cold,  and  with  diluted 
addy  a  confiderable  quantity  of  the  phlogifton  re« 
mains  adherent;  whereas,  if  fire  be  employed,  a 
great  part  of  U  flies  off  in  the  red  vapours :  now 
the  more  the  diflblved  mercury  is  impregnated 
widi  i^ogifton,  the  paler  is  the  precipitate  made 
by  fizt^  alkah ;  and  on  the  contrary,  the  lefs  it  is 
impregnated,  the  darker  is  the  red  colour  it  yields 
with  cauftic,  and  the  more  fullied  the  white  one 
with  aerated  alkali. 

In  experiments  which  require  great  accuracy,  I 
make  ufe  of  alkali  prepared  from  burned  cream 
of  tartar,  2^  this  is  generally  free  from  the  marine 
9dd,  which,  as  well  as  the  vitriolic,  is  in  general 
mixed  with  ^ts  elixated  from  vegetable  afhes. 
M  alkalis  effervefce  with  acids,  from  which  we 
may  in  fome  meafure  judge  of  their  general  na- 
ture ;  for  the  moft  part  they  arc  aftually  laturated 
with  fixed  sdr,  tha|  very  fubtiie  acid,  which  nevcr- 
tfadeis  is  not  powerful  enough  to  prevent  them  from 
changing  blue  vegetable  juices  green ;  if  however, 
on  the  other  hand,  the  acid  is  fuperabundant,  the 
alkafi  which  it  faturates  does  not  prevent  it  from 
turning  dndure  of  tumfole  red,  as  any  one  may 
eqperience  in  water  which  is  impregnated  with 
fixed  air,  and  at  the  fame  time  holds  diffolved  an 
aerated  alkali.  But  dry  alkali  of  tartar  feldom 
contains  more  than  tVo-  of  fi^cd  air,  t w  of 
B  4  water. 
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water,  t-vtt  of  filiceous  earth,  and  rw  of  para 
alkali,  of  which  -r^  would  be  in  a  ftate  pet* 
fedly  cauftic  if  the  -^  of  fixed  lur  were  abforb- 
cd  by  -j^  of  the  pure  alkali,  which  it  is  fufEcient 
to  faturate,  but  as  it  is  equally  diftributed  through 
the  whole,  each  particle  wants  -r^  (v)  of  its 
weight;  which  deficiency,  for  the  reafons  lately 
dated,  will  be  made  up  but  (u)  ilowly,  and  widi 
difficulty,  even  in  the  open  air, 

§  VI I  J.    derated  mineral  Alkali. 

Fixed  mineral  alkali,  which,  when  obtained 
from  marine  plants,  is  commonly  called  fal  fodae, 
is  ufually  found  fo  much  loaded  with  fixed  air, 
that  without  any  further  accumulation  it  naturally 
forms  cryftals  with  ten,  or  rather  eight  fides,  of 
which  oppofite  apices  are  for  the  moft  part  tnin* 

(v)  '23  of  fixed  air  are  fufficient  to  faturate  '^^  of  pare 
fixed  alkali;  for  (fee  p.  18.)  100 :  42 :::=: 55  :  23  nearlj, 
I  am  inclined  to  think,  that  into  the  calculation  of  the  de* 
jiciency  of  weight  a  typographical  error  has  crept ;  for 
this  deficiency,  which  Mr  Bergman  fays  will  be  recoi 
vered  in  the  open  air,  can,  I  apprehend}  amount  to  no 
more  than  'o,  ^06  ;  for,  if  '23  faturate  §^  parti,  '70  wiH  bt 
faturated  by  29^^^  for  55  :  ^3  =  70 :  29 A>  and  0,29  — 
0,23=0,06;  and  therefore  I  conceive  the  deficiency  tQ 
be  only  tot»     C. 

(«)  Becaufe  all  the  particles  are  partly  faturated,  and 
therefore  attraft  the  laturating  matter  with  Icfs  rapidity 
l^d  force.    C^ 

catc4 
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eated  (fig.  6.) ;  and  if  it  be  rendered  cauftic  by 
quidL-lime,  it  may  again,  like  the  vegetable  alkali, 
be  fiiturated  vnA  fixed  air,  §  vi ! . 

loo  parts  of  the  frefh  cryftals  contain  of  fixed 
air  169  water  64,  and  pure  alkali  20,  fo  that  100. 
parts  of  the  pure  alkali  require,  to  iaturate  them, 
80  parts  of  fixed  air  (w) :  this  is  the  more  extra- 
ordinary, as  it  is  certain,  that  an  equal  weight  of 
the  vegetable  alkali,  though  (x)  ftronger,  requires 
no  more  than  42 ;  but  fuch  is  in  general  the  na« 
turc  of  fimple  falts,  that  the  ftronger  they  are, 
the  more  eafily  are  they  faturated  (y).  The  truth 
of  diis  chymical  paradox  may  be  (hewn  in  the  fol- 
lowing manner :«~  Let  two  bottles  be  provided, 
die  larger  containing  a  given  quantity  of  alkaline 

(no)  According  to  Mr  Lavoifier,  the  quinul  of  cryftals 
«f  fbda  contains  63  lb*  10  oz*  of  water»  15  lb.  15  oz.  of  e« 
faftic  fluid,  and  20  lb.  7  oz.  of  ialinc  matter.  This  ana* 
Ijfia  coincides  nearly  with  that  of  the  author :  but  Mr  Kir* 
wan  (Phil.  Tranf.  vol.  Ixxii.)  departs  widely  from  both. 
According  to  him»  in  100  grs.  of  cryftallized  foflil  alkali, 
there  are  35  of  alkali,  so  of  fixed  air,  and  45  of  water. 
Mr  Kirwan  thinks  that  the  difference  is  owing  to  the 
two  former  chemifts  having  ufed  fbda  recently  cryftalli- 
zed.    B. 

(x)  By  ftronger  we  are  to  underftandpofleifing  the  power 
of  ^Qodging  other  alkalis  from  acids.     C. 

(j)  This  ingenious  artifice  affords  a  very  cafy  method  of 
ifccrtaining  the  quantity  of  fixed  air  expelled  from  an  alkali 
by  means  of  acids,  together  with  the  quantity  of  acid  ne- 
fcflanr  to  iaturate  that  alkali.    C 

felt 
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ialt  diflblved  in  water ;  and  let  the  weight  of  the 
folution,  the  bottle,  and  the  (topple,  taken  togcr 
ther  =  A  ;   let  the  weight  of  the  leffer,  contaia- 
ing  fome  fpecies  of  acid,  =  b  ;    from  the  lefler 
bottle  pour  into  the  greater  a  quantity  of  acid^ 
and  (lop  both  (lightly;   the  effcrvefcence  being 
over,  let  more  acid  be  poured  in,  and  again  (lop 
the  bottles,  and  fo  on  until  the  faturation  is  com- 
plete ;   then  let  the  weight  of  the  greater  =  a, 
that  of  the  lefler  =  b :  fmce  then  b  —  b  has  been 
added  to  the  greater  bottle,  the  decrement  of  the 
lefler   mud  equal  the  increment  of  the  larger ; 
that  is,  B  — b  =a  —  a  j  but  this  can  never  hap- 
pen, unlefs  the  alkali  be  perfedly  cauftic,  other- 
wife  we  (hall  always  have  b  — *  b  J^  a  — -  a  ;  and 
their  diflference  b  —  b  —  a  ■+•  a,   indicates  the 
weight  of  the  (ixcd  air  expelled.    The  effcrvef- 
cence (hould  be  conduced  gently,  without  heat, 
and  in  a  bottle  of  proper  fize,  left  fome  watry  va« 
pour  (hould  fly  off  with  the  (ixed  air,  and  render 
the  conclufion  erroneous. 

Let  the  folution  in  the  larger  bottle  be  evapora* 
ted  to  drynefs,  and  the  refiduum  be  gently  igni- 
ted, in  order  to  expel  the  water  of  cryftallization, 
and  the  fupcrfluous  acid,  if  any  there  be.  Let  it 
then  be  weighed,  and  (rom  the  increment  of 
weight  in  the  given  alkaline  fait,  and  the  weight 
of  the  fixed  air  expelled,  we  difcovcr  what 
quantity  of  acid  is  fufEcient  to  faturate  the  fixed 
sJkali,  when  freed  from  water  and  fixed  air ;  by 

this 
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dus  method  I  difcovered  that  one  hundred  parts 
of  pure  mineral  alkali  require,  to  laturate  them. 

Parts, 
of  vitriolic  add        -  -  177 

—^nitrous  •  -  135^ 

—  marine        •  -        -        125 
— -  atmofphasric          -  -So 

and  that  one  hundred  parts  of  pure  vegetable  al- 
kali require^  for  laturation, 

Paitt. 
of  vitriolic  acid  -  -        784. 

— •  nitrous        -  -  -         64 

—  marine        •  -  -      ^i^ 
i—  atmofphsric        •            -42 

The  quantities  of  fixed  air  before  afligned  to  the 
mineral  and  vegetable  alkalis  agree  precifely  with 
this  table. 

What  has  been  already  affirmed  of  alkalis  holds 
good  of  acids,  deprived  of  their  fuperfluous  wa- 
ter :  Thus  100  parts  of  vitriolic  acid  require 


Part*. 

of  pure  vegetable  alkali 
—  mineral 
r^  volatile 

-            I27i 

-        56i 
42 

Cryftal- 
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Cryftallized  mineral  alkali,  in  a  dry  air,  lofts 
its  water,  together  with  its  tranfparency,  and 
breaks  down  into  a  powder ;  it  diflblves  ^i  a  mo- 
derate heat  in  about  twice  its  weight  of  water ; 
befides,  many  properties  of  the  vegetable  alkali 
(mentioned  in  Svir.)  belong  to  the  mineral.  The 
reafon  why  it  cannot,  like  the  vegetable  alkali, 
precipitate  corrofive  fublimate  in  a  white  powder, 
ihall  be  explained  in  §  xxi. 


§  IX.    jierated  volatik  Alkali. 

To  obtain  the  volatile  alkali  regularly  cryftallU 
zed,  I  chofe  that  which,  being  obtained  from  ial 
ammoniac  by  means  of  chalk,  and  a  due  degree 
of  heat,  is  faturated  with  fixed  air ;  I  then  fatura-* 
ted  water  with  it  in  a  clofed  bottle,  and  finally  ex- 
pofed  it  gradually  to  intenfe  cold ;  notwithftanding 
which,  I  could  not  obtain  figures  pcrfeftly  regu- 
lar— they  feemed  indeed  fomewhat  odaedral,  wiA 
four  truncated  angles. — See  fig.  7.  which  exhibits 
the  upper  furface. 

The  cauftic  volatile  alkali,  prepared  with  quicks 
lime,  attrads  water  very  vehemently ;  it  is  there* 
fore  always  fluid,  very  penetrating,  and  exceeding 
volatile  :  by  the  method  defcribed  §  vii.  it  is  ea- 
fily  rendered  mild,  and  is  to  a  certain  degree  fix- 
ed, and  difpofcd  to  cryftallize. 

This  alkali  is  weaker  than  the  fixed ;  and  there- 
fore, according  to  the  rule  above  mentioned,  it 

fhould 
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ihoukl  require  a  greater  quaintity  of  fixed  air  to 
&turate  it :  And  experiments  confirm  the  truth  of 
this;  for  iqq  parts  of  this  alkali,  when  pore,  take 
up  near  105  of  the  aerial  acid ;  and  hence  alfo  it 
occaiions  a  more  violent  efiervefccnce  with  acids 
-^100  parts  of  concrete  volatile  alkali  ufually  ccm* 
tain  12  of  water,  45  of  fixed  air,  and  43  of  pure 
alkali. 

5  X.    j^erated  Terra  Panderofa. 

That  bafis  which,  laturated  with  vitriolic  acid, 
forms  the  fpathum  ponderofum  (the  marmor  me«* 
tallicumof  Cronftedt,  §  xvii*  xix.)  bears  a  ftrong 
reiemblance  to  calcareous  earth ;  but  as  it  differs 
in  many  particulars,  it  is  necefiary  to  make  a  dif- 
tindion,  until  new  experiments  throw  more  light 
on  the  fubje&.  The  effervefcence  which  this  fub« 
fiance  occafions  with  acids  manifefUy  indicates  the 
prefence  of  fixed  air  :  that  1  might  be  more  in* 
timatcly  acquainted  with  this  combination,  I  ex« 
pcOed  the  fixed  air  by  burning ;  poured  water  on 
die  refiduum,  ihook  it,  and  then  filtered  it — ^after 
it  had  ftood  a  few  hours  in  the  open  air,  I  faw  the 
furface  ilowly  covered  with  a  cream,  and  all  that 
vas  diflblved  in  the  water  feparated  by  degrees, 
in  the  very  lame  manner  as  happens  with  lime* 
water.  This  pellicle  effervefces  with  acids ;  hence 
we  may  certainly  conclude,  that  the  principle 
which  had  been  ei^iled  by  the  fire  is  now  reflo- 

red: 
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red  :    by  a  fufficient  degree  of  heat,  0,35  of  the 
tireight  are  loft,  and  the  bottom  of  the  veffel  ac- 
quires a  bluifli  colour ;   but  by  flow  folation  m  a* 
cids,  not  more  than  0,07  are  loft  :    hence  it  ap- 
.  pears,  that  one  hundred  parts  contain  7  of  fixed 
air^  28  of  water,  and  6$  of  pure  terra  ponderofa. 
Water  can  take  up  about  -^  of  its  own  weight 
of  this  earth  in  its  pure  ftate,  and  when  faturated 
with  it   precipitates  corrofive   fublimate    in  the 
form  of  a  yellow  powder :   it  blackens  mere,  dul- 
cis,  and  changes  the  colour  of  vegetable  extraflis^ 
in  the  fame  manner  as  lime-water  does.     It  is  alfo 
to  be  obferved,  that  this  earth  acquires  folubility 
in  water  more  eafily,  if  it  be  feparated  from  the 
nitrous  acid  by  fire,  than  it  does  by  being  calci- 
ned alone.     Although  this  c^*rh,  faturated  with 
fixed  air,  will  not  enter  into  an  union  with  com- 
mon water,  yet  it  diffohres  in  water  impregnated 
xnth  that  fubtile  menftruum ;    for  water  in  thar 
ftate  takes  up  -rrr^  of  ^^^  weight,  and  even  much 
more,  tf  the  earth  be  reduced  to  a  powder  as 
fine  as  that  of  a  precipitate  :    this  folution  chan- 
ges the  red  colour  of  paper  tinged  with  Brazil 
wood,  to  a  blue ;  it  heightens  the  colour  of  paper 
flightly  tinged  with  turnfoie  j  but  when  the  men- 
ftruum is  fuperabundant>  it  reddens  the  tin^^ture  ; 
It  fcarcely  changes  paper  ftained  yellow  by  turme- 
ric root :  in  the  open  air,  the  fuperabundant  men* 
ftruum  gradually  flying  oflF,  a  cruft  is  formed  of 
the  lame  kind  as  that  occafioned  in  the  former  fb^ 

lutioTiy 
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kidoQ,  by  the  Eame  mcnftruum  being  attraded  to 
filtiiradon  from  the  atmofphere  (z). 


$  Xt. 

Etperiments  (how  that  the  tranfparent  calca- 
teous  fpar,  When  expofed  to  a  fufEcient  degree  o£ 
beat,  lofes  0,45  of  its  weight,  together  with  the 
property  of  efiervefcing  with  acids,  at  the  lame 
ume  that  it  acquires  acrimony  and  folubility  in  wa- 

(z)  **  Pondcroui   earth,"    feys  M.  Morvcau,  "  is  hi- 
thcrto  but  impcrfcdly  known  to  the  French  diemifls.     Mr 
Monnet  alone  has  paid  attention  to  it :    he  found  that  the 
pooderont  fpar  is  hr  lefs  fuilble  than  gypfum ;  that  the 
carthj  bafis  forms,  with  the  mineral  acids,  falts  very  dif- 
fierent  from  thofe  producer!  by  the  combination  of  the  fame 
adds  with  calcareous  earth." — He  differs  widely  from  Sir 
T.  Bergman  on  a  point  of  fome  confequence ;  for  he  con* 
tends  for  the  eziftence  of  fulphur  completely  formed  in  the 
ponderous  fpar ;    he  aflerts,  that  he  has  obtained  liver  of 
fidphur,  by  treating  it  alone  with  alkali  in  clofe  veffels ; 
he  confequently  confiders  it  as  a  true  earthy  cryftaDizable 
liver  of  fulphur.    On  communicating  to  Sir  T.  Bergman 
this  experiment  and  dedu6lion  of  Mr  Monnet,  that  chemift 
returned  for  anfwer.  That  he  could  not  but  allow  that  the 
ponderous   fpar  may  fometimes  contain  fulphur ;    but  he 
confiders  the  fulphur  as  an  extraneous  fubftance ;  in  con- 
firmation of  which  he  obferves,  that  it  is  only  prefent  by 
aoddentf  and  that  the  ponderous  fpar  may  be  re-produced 
by  fynthefis,  pofieffed  of  all  its  effential  properties,  viz.  by 
combining  vitriolic  acid  and  ponderous  earth.     This  an* 
fwer  feenu  decifive.     B. 

tcr: 
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Pure  vegetable  alkali  is  very  dcliqucfccnt,  and  ▼!• 
triollc  acid  retains  water  with  fuch  force,  that  it 
cannot  be  exhibited  in  a  feparate  (late  by  any 
means  yet  known  ;  yet  if  thefc  two  be  comhingd 
to  the  point  of  faturation,  a  neutral  fait  is  proda«. 
ced,  one  part  of  which,  in  a  moderate  heat^  re* 
quires  i6  of  water  to  diflblve  it.  This  is  one  no- 
table example,  and  upon  inquiry  hundreds  more 
will  occur. 

We  know  that  vitriolated  vegetable  alkali,  gfpm 
fum,  and  other  falts  difficultly  foluble,  are  more 
cafily  taken  up  by  water,  if  it  be  acuated  by  an 
acid.  May  not  aerated  lime,  therefore,  be  a£led 
upon  in  the  fame  way  by  fuperabundant  fixed  aur  ? 
at  lead,  if  we  admit  fixed  air  to  be  an  acid,  we 
ihould  expe£t  fuch  an  cScGt ;  and  upon  expcri-? 
ment  this  appears  to  be  the  fad.  Let  a  fmaU  par* 
tion  of  lime-water  be  dropped  into  water  imprcg* 
nated  with  fixed  air,  flight  clouds  are  immediately 
formed,  occafioned  by  the  faturation  of  the  Ume 
by  the  fixed  air  :  thefe  clouds,  however,  dilap* 
pear  upon  gently  fhaking  the  vefTel,  the  lime  be- 
ing again  difTolvcd  by  the  fuperabundant  fixed 
air.  Put  into  a  bottle,  filled  with  aerated  water, 
tranfparent  calcareous  fpar,  reduced  to  an  exceed* 
ingly  fine  powder  ;  let  this  bottle  be  kept  wdl 
corked  in  a  cool  place  for  fome  days,  and  a  part 
of  the  fpar  will  be  found  diffolvcd  :  this  folutioB, 
filtered  through  paper,  by  its  fuperabundant  6xed 
air  reddens  the  tindure  of  turnfole  (lime*water 

heightCDi 
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bdghteas  its  blue  colour) ;  it  fcarcdy  (tains  blue 
a  paper  Unged  red  by  Braid  wood  (lime  water  oc- 
cafions  a  deep  blue  colour) ;  it  does  not  change 
the  yellow  colour  of  turmeric  (lime-water  makes 
k  ferruginous) ;  in  the  open  air  it  forms  a  cream 
upon  the  furiace^  as  it  is  there  the  fupcrabundanc 
menftruum  firft  flies  off  (whereas  tlie  cream  of 
lime  is  to  be  alcribed  to  the  attradion  of  fixed  air 
from  the  atmofphere);  finally,  by  gende  eva« 
potatioii,  it  depoiits  an  aerated  lime,  of  about 
-rrnj  >^  ^^^^"^  weight,  which  to  the  eye,  afliftcd 
by  a  glafi,  frequently  exhibits  the  fpathaccous 
figure  (a). 

It 

{s)  K.  de  Stufliire  has  a  curioiit  obfcrvatioa  relative  U» 
dns  iah}e€t :— >he  was  analyfing  a  fulphureous  fpring  id  the 
•dghbowhood  of  Geneva.  **  A  lucky  accideDt/'  fays  he, 
**  prefented  me  with  a  new  and  curious  obfervation  upon 
IIk  calcareoiis  earth  held  m  folution  by  this  water.  I  had 
bees  trying  to  feparate  by  the  filter  the  fulphur*  which  la 
tke  coeHc  of  a  few  hours  precipitates  fpontaneouflyy  and 
reader*  die  water  turbid.  1  afterwards  put  that  which 
had  paflcd  through  the  filter,  and  was  rendered  limpid,  in« 
to  a  large  bottle  which  had  a  ground  ftopple.  It  had  re* 
I  qoite  full  for  a  year  in  the  fame  plaoe  of  my  ftudy, 
i  wanted  it  for  fome  other  purpofe ;  but  before  I 
away  the  water,  1  was  defirous  of  feeing  whether  it 
i  ndergoBC  any  diange.  At  the  bottom  I  perceived  a 
I  <^  ooofenra  of  a  g^en  colour.  In  order  to  infpeci 
I  plant  more  minutely,  I  half  emptied  the  bottle,  and 
\  fliook  it,  in  order  to  difengage  the  |^ant ;  which,  not* 
withftaadiogf  continued  firmly  attached  to  the  bottle  ^  but 
C  a  ia 
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It  may  perhaps  be  faid,  that  it  is  in  the  fire  the 
lime  acquires  its  faline  properties  i  many  are  ftill 
of  that  opinion ;  and  it  is  certsdn,  that  this  thefis 
may  be  fo  explained  as  not  to  contradid  the  fyn« 
thcfis  and  andyfis  above  dcfcribcd  :  for,  Iky  they^ 
the  whole  diflference  between  crude  lime  and 

in  the  mean  time  I  perceived  a  great  number  of  white,  flii- 
'  ning,  oblong,  and  narrow  lamlnse,  floating  in  the  \ihitcr« 
which  drew  all  my  attention.  Having  colleded  them  care- 
fully,  I  found  that  the  longeft  were  about  half  an  inch  m 
lengthy  and  J^  in  breadth,  and  of  the  thickneis  of  a  (beet 
of  paper.  The  microfcope  (hewed  them  to  be  formed  by 
the  jundlion  of  feveral  tranfparent  cryftals,  >of  whidi  tbe  * 
prominent  fummits  had  the  (hape  of  a  triangular  pyramidf 
and  exadUy  refembled  the  fpar  commonly  called  fi^i  UM 
fpar.  I  further  found  that  thefe  cry fUlt  were  entirely  fobbk 
with  effervefcence  in  the  nitrous  acid,  and  that  with  the  «i* 
triolic  acid  they  compofed  felenite ;  fo  that  I  could  not  doobt 
that  they  were  real  cryftals  of  calcareous  fpar. 

**  By  fcraping  the  bottom  of  the  bottle,  a  concretion  like 
tartar  was  detached,  which  I  found  to  be  compofed  of  iiwiD 
cryftals  of  the  fame  (hape  and  natufe  as  thofe  juft  dcfcribed; 
but  the  laminx  formed  by  their  junfUoU}  inftcad  of  being 
firaight,  were  variouOy  reticulated. 

'*  It  was  known  before,  that  earthy  cryftals  might  be 
obtained  by  the  evaporation  of  water,  holding  chalk  in  Hi- 
folution  by  means  of  fixed  air.  This  interefting  diicofcry 
belongs  to  Mr  Achard  of  Berlin ;  but  I  believe  there  ii  no 
inflance  on  record  of  fuch  cryftals  formed  in  the  water  with* 
out  the  aid  of  evaporation.  This  fad,  however  trivial  in 
appearance,  feems  to  me  of  great  importance  with  refped 
to  the  theory  of  the  formation  of  the  n^ountains  in  the  midft 
of  the  waters."     B* 

quick. 
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quick  fime  does  not  depend  upon  the  prefcnce  or 
abfence  of  fixed  air  and  the  water  of  cryftalliza- 
doo;  for  the  lime  receives  in  the  fire  the  matter 
of  heat  (^X  (the  fixed  air  and  water  being  pre- 
vioofly  expelled),  by  which  the  efficacy  of  its  at- 
trafiioQ  is  in  fome  degree  diminifhcd ;  by  this  new 
muoii  it  is  that  it  becomes  foluble :  but  the  cau- 
fticity  is  to  be  explained  entirely  upon  the  lofs  fuf- 
l^ed  by  means  of  the  fire,  as  we  fhall  foon  fee. 
Terra  ponderoia,  and  all  the  alkaline  falts,  in  the 
fiune  way  receive  the  matter  of  heat ;  and  hence 
we  ui^erftand  how,  by  a  double  eledive  attrac- 
ticm,  fime,  diflblved  in  adds,  and  precipitated  by 
cauftic  fixed  alkali,  is  entirely  fimilar  to  lime  pre- 
pared by  fire,  and  flacked  in  water.  The  heat 
wluch  new-burnt  lime  generates  with  water  indi- 
cates no  more  than  a  loofe  adherence  of  the  mat- 
ter of  heat,  which  is  reprefled,  and  prevented 
fiom  produdng  fenfible  heat,  nearly  in  the  (ame 
way  as  die  properties  of  acids  are  rendered  latent 
Iff  didr  union  with  alkalis :   but  upon  the  acccfs 

{h)  Nomberldif  phaenomena,  which  we  cannot  here  con- 
fidcr,  evince  beyond  a  doubt  that  heat  is  the  cSc€t  of  a  cer- 
taia  material  fubftance. — It  is  fufficient  here  to  obfenre,  that 
the  fobtile  matter  of  heat  occurs  in  two  diftinft  ftates ;  ei- 
ther it  if  at  liberty,  in  which  ftate  it  pervades  all  bodies^ 
b  that  all  attain  the  fame  temperature ;  or  it  is  fixed  by  at- 
tndiony  and  does  not  exhibit  fenfible  hez%,  until  fet  free 
ky  Ibme  more  powerful  attradion. 

C  a  of 
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of  a  fufficient  quantity  of  water^  tbc  matter  of 
heat  is  ioimedtately  feparated  by  means  of  a 
ftronger  attraSion,  and,  being  thus  kt  at  Kbertyp 
communicates  fenfible  heat  to  the  fup/trabundant 
vater(( ).  If  the  lime  be  gradually  flacked  by  thtt 
moifture  of  the  furrdunding  atmofphere,  no  kn* 
fible  heat  is  generated  :  but  we  muft  take  pard* 
cular  notice,  that  lime,  which  generates  heat  wkll 
water,  is  fcarcely  deprived  of  all  its  fixed  ^r ;  for 
the  intimate  nucleus,  at  lead,  is  found  ftiU  to  c^ 
fervefce  with  acids ;  and  if  this  reiiduum  be  t9r 
pelled,  die  lime  becomes  as  it  were  dead  and  k^ 
ert ;  and,  although  iiill  foluble  in  water,  it  no^ 
ther  fplits  in  flacking,  nor  occafions  any  betf «  i| 
xnay  be  here  afl&cd.  How  it  comes,  that  by  the  ia- 
tenfity  of  the  fire  the  faculty  of  heating  is  \o% 
while  the  folubility  remains  ?-— This  is  perfaapa 
owing  to  the  vehemence  of  the  fire,  to  wbidi  die 
grcatcft  part  of  the  matter  of  heat,  being  very  vo- 
latile, is  obliged  to  yield.  The  workmen  rejed 
lime  which  is  too  much  burned,  as  being  ufekdby 
as  it  does  not  fall  into  powder,  which  is  neceflary 

{c)  Of  all  this  there  is  neither  proof  nor  probable  pft* 
fumption.  The  heat  in  this  cafe  proceeds  from  the  WBter, 
which,  in  confcqucnce  of  the  attradion  of  the  Hmc»  bc*r 
comes  folic!,  and  muil  therefore  give  out  that  heat  or  Itr^ 
which,  as  we  are  taught  by  Dr  Black,  conflitutes  iu  Kqoi4 
Hate.  There  is  no  faft  which  might  lead  ut  to  fuppofe, 
that  a  great  quantity  of  fire  is  fixed  or  rendered  latent  hf 
quick-lime. 
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for  mixing  it ;  whereas  lime  lefs  burned,  in  the 
inftant  of  flacking,  breaks  into  a  powder  :  for  in 
the  latter  cafe,  the  greater  part  of  the  fixed  air  be- 
ing expelled  by  the  burning,  the  bulk  of  the  lime 
is  indeed  much  contracted  ;  but  it  yet  remains  of 
a  very  fpungy  texture  :-i-water  poured  upon  this 
readily  penetrates  it,  fets  at  liberty  the  hidden  par* 
tides  of  heat ;  and  being  by  that  heat  refoived 
into  Tapour,  breaks  the  whole  mafs  to  pieces,  and 
reduces  it  to  a  fine  powder.  Lime,  as  well  as 
terra  pondered,  and  magnefia,  and  alfo  the  al- 
kaline CihSy  when  cauftic,  even  after  extindion  in 
water,  produce  heat  on  mixture  with  acids,  the 
refidumn  of  the  matter  of  heat,  which  water  alone 
ITM  mHible  to  expel,  being  fct  at  liberty ;  but  thefe 
fubfbitices,  being  cryftallized,  produce  no  heat 
with  acids  {d). 

AH 

(i/)  «*  When  chalk,  cryftallized  vcgcUble  alkali,  &c 
are  diflblved  in  concentrated  acids,  a  very  confiderable  heat 
10  produced,  a  phaenomenon  which  naturally  ought  to  ap- 
pear ;  becaufCy  without  attending  to  the  fixed  fire,  collifion 
always  produces  heat.  As  the  fum  of  the  fynchronous  col- 
lifiont  is  far  lefs  confiderable,  when  diluted  acids  are  em- 
ployed, the  cold  occafioned  by  evaporation  compenfates^ 
or  even  furpaflcs,  the  heat  produced,  as  I  have  proved  in 
the  id  vol.  of  the  Dijon  Mem."  Morvcau.— Having  ne- 
ver feen  the  relation  of  thefe  experiments  to  which  M.  de 
M«  alludes,  and  on  which  his  opinion  is  founded,  I  cannot 
well  judge  concerning  its  validity  :  I  am,  however,  fome- 
whiit  inclined  (o  fufped  it ;  for  if  the  heat  produced  by 
C  4  the 
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AU  the  circumftances  mentioned  in  this  fe£UoD, 
GL8  well  as  the  preceding,  (§  vii. — x.),  being  con- 
fidered,  or,  for  fuller  convi&ion,  being  often  put 
to  the  proof,  I  doubt  very  much  whether  cauili- 
city  can  with  propriety  be  derived  from  any  adi- 
ventitious  matter,  efpccially  as  it  may  be  eicplatn- 
ed  fimply  and  plainly  by  elcdive  attradion,  ^ 
power  to  which  all  bodies  on  this  globe  are  found 
to  be  obedient ;  for  the  purer  any  matter,  the 
more  powerful  is  its  effort  t9wards  an  union  with 
other  fubftances ;  fo  that  in  this  ftate,  adting  mtk 
undiminifhed  force,  it  feizes  with  the  greater  vio- 

the  collifioat  be  compenfated  or  f\irpafled  by  evaporation, 
when  a  weak  acid  is  ufed,  an  efFe^  not  very  Hiffipinur 
pught  to  follow,  when  a  more  concentrated  one  is  ufed  $  fo|r 
in  this  cafcy  the  colli Aons  being  more  numerous  and  inftan- 
taneousy  the  evaporation,  and  confequently  the  quantity  of 
fire  carried  off  in  vapour,  fhould  ILkewife  be  more  confi* 
derable  :  befides,  it  is  fcarce  credible  that  the  cold  produ- 
ced in  fome  folutions  can  be  owing  to  evaporation,  it  it 
fo  intenfe.  I  am  therefore  much  more  inclined  to  attri«> 
bute,  with  Dr  Black,  the  produdiion  of  cold  to  the  con- 
veriion  of  a  quantity  of  abfolute  into  latent  heat*     B. 

To  this  it  may  be  added,  that  the  folution  it  not  Mor- 
▼eau't,  but  Newton's ;  and  t^at  it  reftt  upon  a  theory  not 
received  by  Morveau  himfelf,  viz.  That  heat  confiftt  in  ^ 
tremor  of  the  particles  of  bodies  :  wherefore  the  French 
annotator  is  neither  original  nor  confident.  The  folution 
of  the  problem  is  perfeAly  eafy  upon  Dr  Black *s  prin- 
ciples. The  combined  bodies  attrad  lefs  fire  than  in  their 
feparate  ftate ;  and  therefore  a  quantity  of  that  which  wat 
before  latenf  mufi  become  fenfible. 
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fence  dxrfc  fahftanrrs  widi  ^riiidi  it  has  an  affini- 
ty, and,  if  povciful  enough,  diflbivcs  that  for* 
mer  coonedioQ :  hence  it  exerts  a  Tiolent  acrimo- 
ny; but  as  it  is  gradoaDy  faturated,  its  force  be- 
comes weaker,  until  a  foil  laturation  taking  place, 
all  this  eorrofiTe  £Mnilty  vanifhes,  and  can  no  other 
vay  be  rcftored,  than  by  eiq)elling  the  iaturadng 
matter.    The  matter  of  heat  rather  reprefles  than 
quickeDS  cauftidty  :  it,  however,  reprefles  it  but 
iapafe£dy  i  and  hence  the  prefence  of  caufticity 
always  indicates  a  powerful  attradivc  effort,  toge- 
ther widi  the  abfence  of  the  fubftances  for  which 
the  cauftic  body  poflefles  a  very  violent  attrac- 
tion (e). 

It 


{e)  ^  The  more  chymiftrj  u  unprored,  the  more  na- 
aerow  and  cogent  will  be  the  proofii  of  this  theorj.     But 
I  wiD  hoc  add  a  few  remarks  to  thofe  upon  §  riu  —  i.  at 
q;iiick  lime  cannot  be  depriycd  of  9)1  the  fixed  matter  of 
half  k  cannot  be  affirmed  that  its  properties,  in  this  ftate 
of  cwabinafion,  belong  ezdofivelj  to  one  of  its  conftitn- 
nt  parts  ;    2.  it  is  certain^   not  onlf  that  compounds, 
^Bteaas  compounds,  have  their  peculiar  affinities ;  but  it 
i>  bcfides  certain,  that,  in  fome  cafes,  thefe  affinities  can 
Ik  oatcd  only  on  compoundst    Mr  Bucquet  has  obfer* 
^  tliat  quick  lime  does  not  (lack  in  fixed  kir,  but  it 
^7  be  inftantly  flacked  in  aerated  water ;  which  proves, 
^  water  is  a  neceflary  intermede  to  the  union  of  the 
t^l  3.  the  inertnefs  of  burnt  lime  feems  very  difficult  to 
1*  ctphined.     Sir  T.  Bergman's  conjcdure  appears  re- 
Pognaot  tp  the  general  law ;  according  to  which,  every 

bod|r 
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It  has  already  been  faid,  that  the  moil  fimplc 
figure  of  aerated  lime  is  that  which  is  called  fpa* 

thaceous: 

body  that  cools  in  any  fluid  always  retains  a  portion  of 
that  fluid,  as  a  cryilallizing  body  always  retains  part  of 
the  liquor  in  which  it  was  diflblved.  I  (hould  therefore 
rather  fuppofe  that  the  violence  of  the  heat  muft  have  de- 
ftroycd  part  of  thofe  principles  which  this  earth  dertvet 
from  organized  bodies,  and  which  conftitnte  it  calcareoui 

earth."     Morveau. 1  am  ready  to  allow  that  the  att« 

thor's  conje6lure  is  not  very  probable :  but  the  annotator^t 
feems  alfo  very  vague  and  unfatisfadory,  more  efpecially 
if  we  confider  that  there  ftill  fubfift  doubts  concerning 
the  origin  of  calcareous  bodies. — M.  Buffbh,  and  thcrc^ 
fore,  of  courfe,  the  whole  herd  of  French  cliemifts  and 
•liaturalifts,  contend,  that  they  are  the  produ6^  of  the  ac» 
cumulated  fpoils  of  marine  fubflances.  Mr  Pallas  and 
M.  Sauflure  too,  incline  to  this  opinion  :  but  a  diftinguifli* 
4d  naturalift  has  of  Tate  combated  this  opinion,  with  argu- 
ments of  great  apparent  weight.  **  Calcareous  matters,** 
fiiys  M.  dc  Luc,  "  cannot  have  derived  their  chara^enfth 
properties  from  the  fpoils  of  marine  animals;  i.  becaufe 
thofe  fpoils  muft  necefl*arily  have  been  lefs  abundant  du« 
ting  the  moil  remote  times,  and  it  was  during  thofe  re- 
mote times,  that  the  moft  confiderable  accumulations  of 
calcareous  matter  were  made ;  2.  becaufe  thofe  great  ac- 
cumulations, fuch  as  the  calcareous  Alps,  contain  a  ht 
iinallcr  number  of  marine  fubilances  than  many  accuniuU- 
tions  of  a'  different  nature;  3.  becaufe  calcareous  matters 
have  been  found  among  primordial  fubilances,  that  is  to 
fay,  fuch  as  are  prior  to  all  thofe  in  which  the  probable  ef- 
{t&.  of  known  caufes  can  be  recogniied/*  So  far  M.  dc 
Luc. — With  rcfpedt  to  the  diange  produced  on  lime  by 
calcination}  carried  too  far,  is  it  abfurd  to  fuppofe  that  it 

may 
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limteoaMi  I  htvc,  I  imagine^  eUewhcre  fufficieau 
1j  explained  hoir  from  this  are  formed  the  grana* 
6Cp  bifidtic^  utd  other  figures  (/  )« 


5  xn«    Of  aerated  Magnejia. 

The  magnefia  which  it  found  in  the  ibops^ 
akhough  vulgarly  called  m  earth,  it  yet  of  a  £1^ 
Soe  nacnre  y  for  in  a  moderate  heat  diftilled  wa« 
ftr  is  capable  of  diflblving  ^^4^  of  its  own  weight ; 
and  analyfis  confirmt  this  opinion,  as  it  (hews  that 
Ae  primary  principles  of  magnefia,  are  a  pecufiat 
Idnd  of  earth  faturated  wkh  fixed  »r  and  water. 
Goflunoii  magnefia,  by  proper  calcination,  lofes 
IS55  of  its  weight,  but  a  vehement  and  long-con« 
thioed  fire  dffipates  Ibmewbat  even  of  the  earthy 
bafia ;  by  flow  effervefcence  in  acids,  only  0,25 
tfe  loft  :  hence  it  appears,  that  too  parts  of  mag** 
Bdifli  eoiftafai  aibdut  25  of  fdtcA  air,  30  of  water, 

Wetf  triie  tt^m  fueb  an  iteration  at  bears  feme  analo- 
^  t»  an  ncipitat  vhrificatioa  ?  But  in  qneftioni  of  fo 
|rcat  oUmrkyr  there   are   no  boiUkds  to  the  licentiduf- 

Itlg  of  ooojedurc.     B. The  inertnefs  of  lime  is  ccr- 

tainlj  often  owing  to  an  imperfcA  vitrification ;  add  the 
impcrfe^  Titrification  to  the  impurity  of  the  limeftone,  or 
t>  tbe  admiature  of  clay.  But,  I  beliere^  there  are  in* 
lancet  of  lime  flacking  without  that  degree  of  heat  which 
»  generally  obferved.  I  know  not  if  this  depends  on  the 
funecaufe. 

C/)  TreatUc  on  the  F(»mation  of  Cryftals. 

and 
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and  45  of  pure  magnefia,  which  appears  to  be  a 
true  earth  j  at  leaft,  although  blended  with  the 
matter  of  heat,  I  have  never  yet  been  able  to  £(^ 
folve  it  in  water.  Magnefia  fully  laturated  with 
air,  and  cryftalUzed,  in  loo  weight,  contains 
30 lb.  of  fixed  air:  the  vapour  which  is  expelled 
cither  by  fire,  or  adds  colleded  by  the  methods 
defcribed  §  11.  and  examined,  exhibits  all  the 
marks  of  fixed  air ;  in  this  inilance  the  coUefiiQa 
of  the  elaftic  vapour  expelled  by  the  fire  in  the 
bottle  (§  II.)  is  attended  mth  the  Ids  trouble^  as 
it  is  more  loofely  conneded  vnth  the  magnefia; 
whereas,  it  adheres  very  ftrongly  to  lime,  fo  is 
to  require  a  more  violent  fire :  hence,  when  lime 
is  ufcd,  it  becomes  necefiary  to  provide  a  glals  of 
proper  thicknels,  and  very  difiEcult  of  fufion,  and 
to  furround  it  with  powder  of  burnt  bones,  or 
gypfum,  to  prevent  it  from  being  fiifed.  In  ge- 
neral too,  we  may  remark,  that  the  greater 
the  diameter  of  the  body  of  the  retdrt,  the 
more  difiEcult  will  it  be  to  make  the  neceffiuy  heat 
penetrate  to  the  centre ;  befides  it  will  be  ne^ 
ceflary  to  increafe  the  force  of  the  fire  cond- 
nually,  for  if  it  at  any  time  is  remitted,  the  tube 
c  F  £  draws  up  the  water ;  this  inconvenience  is 
fomewhat  leflened  by  continuing  the  extremity  G 
of  the  tube  nearly  to  the  bottom  h  of  the  vdSfel: 
—I  have  fitted  up  common  tobacco-pipes  for  this 
purpofc,  and  found  them  very  convenient. 
The  greateft  part  of  the  magnefia  which  is 

found 
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found  in  the  (hops  is  prepared  by  precipitatioii 
from  Epfom  lalt ;  but  if  the  alkali  made  ufe  of  be 
well  impregnated  with  air,  the  precipitation  will 
be  finall,  particularly  in  a  large  quantity  of  water  ; 
for  the  fixed  air,  expelled  from  the  alkali  by  the 
Titrlolic  acid,  attacks  the  deferted  magnefia,  and 
diflblves  it ;  but  by  a  boiling  heat  the  fuperabun- 
dant  vohdle  menftruum  is  diflipated,  the  magne- 
fia  is  brought  to  the  point  of  faturation,  and  al« 
moft  all  precipitates. 

Water  well  laturated  with  fixed  air  diflblves,  in 
a  moderate  heat,  about  -^  of  its  own  weight  of 
common  magnefia,  and  double  that  quantity,  if 
it  be  as  fine  as  a  precipitate.  This  folution  turns 
the  tin€ture  of  turnfole  red,  but  heightens  that  of 
paper  ilightly  tinged  by  it;  makes  paper  tinged 
with  femambucum  blue,  but  fcarcely  obfcures 
die  yellow  colour  of  turmeric  (for  reafons  affigned 
bdow,  I  do  not  make  ufe  of  fyrup  of  violets) ; 
upon  the  addition  of  an  acid,  innumerable  bubbles 
appear:  pure  fixed  alkali  precipitates  an  earth 
which  does  not  effervefce  with  acids,  provided  the 
alkali  be  ufed  in  quantity  fuiEcient  to  take  up  all 
-  the  fixed  air,  if  in  lefs  proportion  an  efiervefcence 
takes  place.  If  the  alkali  ufed  be  fully  faturated 
with  fixed  air,  it  has  no  effed  on  the  folution, 
unlefs  the  water  be  infufficient  to  hold  both  dif- 
folved,  in  which  cafe  the  magnefia  feparates. 
Pure  volatile  alkali  alfo  throws  down  a  precipitate, 
but  an  effervcfcmg  one,  as  it  can  attraft  only  the 

fupcrabundant 
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fuperabundant  air ;  with  folution  of  corrofive  ti^ 
blimatc  it  grows  milky,  tnd  gradually  dcpofits  z 
fiaaall  quantity  of  white  powder ;  afterwards  thia 
l^lackifli  cryftals  concrete,  compofcd  of  mercuriut 
dukig)  and  a  calx  of  mercury  partially  aerated* 
The  fmalleft  drop  of  a  folution  of  mercury,  made 
by  heat  in  nitrous  acid,  occafions  a  copious  yeU 
lowifh  brown  precipitate :  but  the  (ame  folutioiiy 
made  without  heat,  yields  a  white  powder,  which 
after  fome  days  grows  greyifli,  as  in  this  cafe  thf 
oietal  has  loft  but  a  little  of  its  phlogifton.   Thde 
changes  may  perhaps  be  afcribed  to  a  mixture  o£ 
alkali  adhering  to  the  precipitate  of  corrofive  fuhli* 
mate,  and  which  cannot  be  wafhed  away:  but 
this  fufpicion  foon  vaniihes,  for  magnefia  has  the 
liune  effect,  whether  it  be  precipitated  by  fixed  or 
volatile  alkali ;  and  befides,  precipitates  occafioiu 
cd  by  volatile  alkali,  dilappear  in  a  few  minutes* 
while  thofc  which  depend  on  magnefia  are  peniu^ 
nent. 


§  xiit.    Aerated  Clay. 

Fixed  air  fcarcely  ever  attacks  pure  clay,  that 
is,  the  earth  of  alum  dry  and  compa£k ;  yet  the 
precipitation  of  alum  by  aerated  alkali  (hews  that 
it  does  not  altogether  refufe  to  unite  with  it^ 
when  fufficiently  fine  and  comminuted ;  for  the  fi« 
quor,  well  filtrated,  although  dear,  after  ftand** 
U^  a  few  days  in  the  opea  air,  and  ia  a  degree 

of 
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of  heat  fufficient  to  expel  the  fuced  air,  growi 
turW,  and  by  degrees  depofits  a  frnall  portion  of 

-earth,  which  had  been  fufpended  by  the  volatile 
menftruum  (g).  Common  clay,  expofed  to  vio- 
lent heat,  gives  out  a  quantity  of  fixed  air  feverai 
times  greater  than  itfelf  in  bulk,  mixed  with  a 
faiall  portion  of  inflammable  air,  which  comes  off 
by  the  firft  a&ton  of  the  fire. 

We  have  already  compared  (§  vi  1 1.)  the  alka^ 
line  (alts,  with  refped  to  the  quantity  which  will 
iaiurate  equal  parts  of  the  lame  acid ;  we  fhall 
here  add  numbers  proportioned  to  the  weights  of 
tbe  different  eart|i9  di0alved  by  the  fame  meafure 

.  of  marine  acid : 


pure  clay, 

1,0 

pure  magnefia. 

2,2 

aerated 

5i7 

pure  lime. 

3»5 

aerated 

6,0 

pure  terra  ponderola. 

«,7 

aerated 

i3'5 

(g)  ProfefTor  Schreber,  in  a  CoHeftion  of  which  he  if 
tbecditor,  ^Naturforfcher^  ft- 150»  defcribes  ezperimcnti 
upon  a  fort  of  lac  lunx,  found  near  HaJlcy  from  which  it 
appears  to  be  argillaceous  earth,  faturated  with  aerial  acid# 
and  mixed  with  a  very  fmall  quantity  of  calcareous  earth. 
But  there  are  fubftances  to  which  this  denomination  Is  gi- 
iren«  which  certainly  contain  no  clay,  as  any  one  may  con- 
vince himfelf,  by  examining  the  he  knar  that  appears  upon 
the  fiice  of  the  bafaltic  rock,  called  Salifbury  Craig,  near 
Hdinburgh.  And  Mr  KIrwan  fhould  not  have  reprefented 
lac  lunsB  as  clay  faiuraUd  'with  serial  acld^  (Mineralogy, 
p.  71.  73.)  without  annexing  fomc  caution  rcfp^^ii^  the 
ambiguity  of  the  appellation. 

Here 
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Here  follow  the  weights  of  abforbcnt  earths,  which 
can  unite  with  loo  parts  of  aerial  acid : 

pure  magnefia,  -         150    (§  xii.) 

pure  lime,         •         -         162     (§  xi.) 
pure  terra  ponderofa,  926    ($x.) 

Therefore  the  law  demonftrated  (§  viii.)  of  alka- 
line falts  alfo  holds  good  of  earths. 

Silecious  earth  eludes  the  force  of  fixed  air, 
and  all  the  other  acids,  except«that  of  the  mineral 
fluor.  The  more  fimplc  earths,  therefore,  being 
now  con(idered  with  relation  to  the  aerial  acid,  we 
go  on  to  the  metals. 


S  XIV. 

As  far  as  I  know,  fixed  air  alone,  in  its  claftic 
ftatc,  docs  not  diffolve  nor  even  corrode  any  me- 
tal, unlefs  perhaps  during  calcination ;  but  when 
united  with  water  it  attacks  fome  of  them.  Let 
iron- filings  be  put  into  aerated  water,  let  the  bottle 
(well  flopped  and  inverted)  be  fet  in  a  cold  place, 
and  in  twenty-four  hours  a  portion  of  the  iron 
will  be  found  diffolved,  fo  that  the  water  will 
ftrike  a  purple  colour  with  (A)  tinfture  of  galls, 
make  fyrup  of  violets  green,  and  form,  withphlo- 

{h)  1  make  ufe  of  fpirituous  linAure,  as  it  is  more  ef- 
ficacious than  the  %vatcry  tinAurCi  and  can  be  kept  uncor- 
rupted. 

gifUcated 
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^itiotfed  alkali,  Pruffian  blue.  If  this  folution  be 
cxpofisd  to  the  open  air,  the  furface  which  ^firfl: 
loSn  the  menftruum  exhibits  a  party-coloured  pel-- 
fide,  compofed  of  particles  of  iron,  reduced  to 
fach  tenuity  as  to  reficd  different  colours ;  by  de- 
grees all  the  iron  is  feparated  in  form  of  a  fubtile 
ochre,  which  amounts  to  nearly  ,  5  j  ^  ^  part  of 
the  weight  of  the  water,  and  when  frefh  retains 
fo  much  of  the  principle  of  infiammabilicy  as  to 
obey  the  magnet,  and  be  foluble  in  the  mineral 
acids  :  —  Cauftic  alkali,  whether  fixed  or  volatile, 
fqnrates  this  metal  from  the  water,  but  when 
iuUy  aerated  has  no  effe£t. 

Water,  impregnated  with  the  fixed  air  expelled 

by  heat  from  magnefia  or  calcareous  fpar,  or  that 

coUe&ed   from   fermenting   fubftances,    fcarcely 

takes  up  any  calcined  iron,  except  at  the  inftant 

of  its  precipitation,  when  it  is  fcarcely  obedient  to 

the  magnet ;  but  if  the  ordinary  method  of  effer- 

^dcence  without  wafhing  be  employed,  the  water 

u  always  contaminated  with  vitriolic  acid ;  mofl: 

commonly,  indeed,  fo  fparingly  as  not  to  change 

4c  colour  of  fyrup  of  violets  diftin£My,  though  it 

Wdcns  paper  tinged  with  tiimfole,  which  water 

Wed  with  pure  fixed  air  is  never  able  to  do 

(S  VI,) ;  and  befidcs,  a  drop  or  two  of  folution  of 

*cna  ponderofa  in  the  nitrous  or  marine  acids, 

ftfts  as  a  very  certain  tcft,  and  by  a  flow  congru- 

toation  deteds  even  the  fmalleft  traces  of  vitriolic 

acid,  which  cannot  fo  well  be  difcovered  by  any 

Vol.  I.  D  other 
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other  means  yet  known.  I  am  the  more  certain 
that  this  mixture  is  mod  commonly  the  caufe  of 
the  folution  of  iron  calx,  as  I  have  often,  by  add- 
ing it,  produced  this  eflfeft,  which  water  fully 
aerated  was  unequal  to ; -^during  calcination,  in* 
deed,  the  iron  feems  to  unite  with  fixed  air,  but 
watqr  can  fcarcely  take  up  that  compound. 

§  XV.    Aerated  Zink. 

Aerated  water  will  diffolve  zinc  very  copioufly, 
either  in  its  metallic  ftatc,  or  calcined  by  the  pro- 
cefs  defcribed  in  the  foregoing  fedion.  The  mc^ 
tallic  folution,  expofed  to  the  open  air,  foon  (hews 
its  furface,  covered  with  party-coloured  atoms  of 
sine ;  whereas,  that  which  contains  the  calx  ap« 
pears  more  obfcure,  with  lefs  variety,  and  lefe  rc- 
fplendency  of  colour.  The  pellicles  which  earthy 
and  metallic  bodies  diffolved  by  aerated  water 
yield,  on  expofure  to  open  air,  nearly  agree  with 
thofe  which  appear  upon  evaporating  folutions  of 
other  falts,  as  in  both  inftances  the  neceflary 
quantity  of  menftruum  becomes  firfl;  deficient  on 
the  furface. 

Alkali,  when  perfeflly  caudic,  as  alfo  tindure 
of  galls,  and  phlogiflicated  alkali,  precipitate  tb^ 
metal  of  a  yellowifh  a(h  colour.     Alkalis  fully  ae- 
rated produce  no  eflfed  ;  but  as  thofe  in  commocm. 
ufe  poffefs  fome  degree  of  cauflicity  (§  yii.^9 
they  are  not  entirely  ina^ivc* 
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S  XVI,    Aerated  Mangonefe. 

,  That  fcmimetal  which  is  found  in  the  magnefisk 
nigra,  or  glais-makers  magnefia,  and  which  feems 
to  be  diftind  from  all  the  other  femimetals  luther-^ 
to  known,    I  call  manganefe.      Aerated  water 
takes  up  the  black  calx  of  this  metal,  but  fiar  mote 
copioailf  the  regulus,  in  fuch  a  manner  howevei^ 
diat  it  alio  takes  up  the  iron  which  is  mixed  with 
it   If  the  regulus  be  employed,  the  fblution  dif** 
fofei  a  particular  fmell,  not  unlike  that  which 
proceeds  from  burned  fat;   but  the  precipitate 
aod  pdlides  are  the  fame  as  above  defcribed,  ex- 
cept as  to  colour,  which  is  generally  influenced  by 
the  prefinure  of  iron  :    moreover,  phlogifticated 
alkafi  predpitates  pure  manganefe  of  a  yellowifh 
white,  and  dndure  of  galls  produces  nearly  the 
&me  colour. 

S  xviL    Vmon  of  fixed  Ait  with  ^ther  Me^ 
tals  attempted. 

^The  metals  above-mentioned  are  eafily  diflblved 
J^ aerated  water;  whereas  fome  of  the  others 
**ww>t  unite  with  it,  except  when  divided,  as  in 
^  ▼cry  mftant  of  precipitation  ;  and  mod  of 
*^  cannot,  even  by  this  artifice,  be  brought  to 
^  fo-  The  following  metals  I  put  into  aerated 
^^9  and  kept  them  in  bottles  well  (topped  and 
D  a  inverted, 
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inverted,  in  a  cool  place,  for  eight  days,  at  tbA 

end  of  which  time  I  examined  them :  viz«  gold 

leaf,  aurum  fulminans,  platina,  (ilver  leaf,  nier« 

Gury,  iEthiops  mineral  prepared  without  heat^ 

turbeth  mineral,  granulated  lead,  calcined  co|k 

per,  granulated  copper  minium,  cerufle,  leaf  d% 

calcined  tin  ;   as  alfo  the   femimetals  bifinuth^ 

nickle,  arfenic,  cobalt,  and  antimony,  both  re* 

guline  and  calcined  }-^he  water  of  each  bottle 

was  filtered  through  paper  into  a  feparate  TcflUt 

and  was  found  ftill  to  retain  all  its  fixed  air,  for  it 

reddened  the  tindure  of  turnfole  as  before ;  buC 

mod  of  them  fhewed  no  figns  of  folution  lumng 

taken  place.    The  birmuth  indeed,  the  odbakf 

and  the  antimony,  both  reguline  and  calcined,  m 

alfo  the  rcgulus  of  arfenic,  in  Ihe  open  air,  fhew^ 

cd  exceeding  thin  party-coloured  pellicles,  wliidi 

could  hardly  be  obferved ;  but  on  the  addiuon  off 

cauftic  alkali,  they  exhibited  flight  clouds,  and 

produced,  with  tinfture  of  galls,  a  violet-coloored 

precipitate,  fo  that  1  could  icarcely  doubt  but 

.  thefe  phenomena  were  owing  in  a  great  meafiue 

to  an  admixture  of  iron :  yet  pure  cobalt,  as  wdl 

as  nickle,  gave  fome  tokens  of  being  diflblfedy 

but  thefe  tokens  I  hold  to  be  ftill  ambiguovs. 

I  tried  gold  leaf  in  another  way,  but  in  vain; 
namely,  I  put  into  diftilled  water,  along  with  die 
leaf,  either  the  calcareous  fpar,  or  aerated  a^ad^ 
then  by  degrees  1  poured  in  vitriolic  acid,  ib  si 
not  to  produce  a  full  faturation,  yet  after  fome 

di^s 
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^ys  I  found  no  folution  had  taken  place :  once 
indeed^  when  I  ufcd  chalk  and  common  water,  I 
law  fome  veftiges  of  a  folution ;  but  upon  exa- 
mining more  accurately,  I  found  a  little  marine 
acid  in  the  chalk,  and  difcovered  lime  diflblved  in 
futrout  acid  in  the  water,  from  whence  a  fmali 
{)ortion  of  aqua  regia  had  been  generated.  The 
vitricrfic  acid  ttfelf  is  frequently  found  to  contain 
m  portion  of  nitrous  acid,  which  is  ufually  em- 
fk^ed  to  ^fcharge  its  brown  colour : — ^The  moft 
.extreme  caudon  is  neceflary  to  avdd  being  deceit 
ved  by  adventitious  circumftances. 

But,  becaufe  the  metals  were  tried  in  this  way 
in  vaki,  we  are  not  to  affirm  that  they  cannot  be 
united  \mh  fixed  air,  for  perhaps  it  might  b^ 
4oiie,  if  they  were  minutely  divided  by  precipita- 
tion ;'  I  examined  this  fuppofition  in  the  following 
manner : — ^To  the  Iblution  of  a  metal  in  its  proper 
ibWent,  diluted  with  a  fufficient  quantity  of  diftil- 
led  water,  I  added,  by  degrees,  cither  aerated 
rcgctablc  alkali,  magnefia,  or  calcareous  fpar; 
die  iaturation  being  completed,  I  kept  the  bottles 
dafed  and  inverted,  in  a  cold  place,  for  fome  days, 
and  then  examined  the  water  after  filtration :  I 
avoid  making  ufe  of  chalk,  which  is  often  mixed 
with  marine  acid,  and  therefore  in  certain  cafes 
might  occafion  confufion  ;  with  crude  lime,  the 
iaturation  is  obtained  very  ilowly,  efpecialiy  if  the 
menftruum  be  vitriolic  acid,  partly  becaufe  the 
liirCace,  aifuming  a  gypfeous  nature,  defends  the 
D  3  internal 
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internal  particles,  partly  becaufe  the  laft  portioA 
of  the  acid  can  only  meet  with  the  chalk  at  the 
bottom  of  the  vciTel,  unlefs  the  liquor  be  frequent-* 
ly  ftirred ;  while,  on  the  contrary,  the  mogneiiay 
and  efpecially  the  alkali,  by  their  folubility,  are 
fpontaneouily  difperfed  through  the  whole  mafi : 
magnefia,  however,  is  bed,  inafmuch  as,  though 
it  diflfolves  fpontaneoufly,  yet  the  folution  goes  on 
(o  flowly,  that  the  water  has  time  to  take  up  the 
greateft  part  of  the  fixed  air,  as  it  is  expelled ; 
whereas,  when  the  effervefcence  is  vidienty  a 
great  number  of  bubbles  rife  to  the  furface^  and 
fly  off. 

By  this  method,  befides  thofe  metals  fcMrmerly 
enumerated,  which  may  be  diredly  diflolvedin 
aerated  water,  a  fmall  quantity  of  gold  a[q)ears  to 
be  taken  up,  but  that  in  fo  ambiguous  a  manner^ 
that,  upon  examination,  I  am  ftill  undecided* 
Gold  is  precipitated  from  aqua  regia  very  flowly^ 
by  magnefia  and  by  lime,  and  but  imperfe£Uy  by 
alkalis,  as  a  part  of  the  precipitate  is  rediflblved  t^ 
the  precipitant ;  fo  that  the  liquor  can  fcarcdy  be 
divefled  of  its  yellow  colour.     The  folution  oM 
gold,  which  with  tin  depofits  a  purple  powder^ 
docs  not  hold  the  gold  diffolvcd  by  the  fixed  su^ 
alone ;  for,  to  occafion  a  precipitation,  it  is  nx^ 
ceffary  that  there  (hould  be  prefent  a  menft: 
urn  fuch  as  may  be  able  to  take  up  the  tin  i — 
Xvhich  aerial  acid  cannot  do. 

}  fubjcftcd  platina,  filvcr,  mercury,  lead,  ast- 
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the  other  metals  and  femimetals,  to  fimilar  expe- 
riments; but  the  event  was  the  fame,  and  I 
found  no  certain  tokens  of  folution.  That  ceruiTe 
ihould  refufe  folution  by  the  medium  of  fixed  air, 
furprifed  me,  efpecially  as  it  is  itfelf  nothing  more 
than  an  aerated  calx  of  lead,  and  therefore  dif- 
folves  in  acids,  with  effervefcence,  and  the  vz* 
pour  which  is  expelled  pofleiTes  all  the  properties 
of  fixed  air.  In  this  experiment  I  employed  ce- 
ruflfe  pcrfe£dy  free  from  chalk. — ^In  like  manner 
filvcr,  mercury,  copper,  tin,  bifmuth,  nickle,  and 
the  other  metallic  fubftances,  diiTolved  in  acids, 
and  precipitated  by  aerated  alkalis,  take  up  the 
fixed  air,  but  yet  cannot  by  its  means  be  diiTol- 
ved, except  that  when  the  acid  is  fuperabundant, 
before  the  precipitation,  a  fmall  portion  of  copper 
is  taken  up  ;--^a  complete  precipitation  is  with  dif- 
ficulty obtained  by  lime  and  magnefia,  though 
ufed  in  large  quantities.  The  metallic  falts  always 
redden  paper  tinged  with  tumfole,  a  property 
which  it  is  extremely  difficult  to  reprefs  by  means 
of  tbfc  above-mentioned  earths. 

§  XVIII.    Inflammable  Matters  greedily  attract 
fished  air. 

The  common  acids  frequently  attack  inflam- 
mable bodies  with  peculiar  avidity,    as  is  well 
Icnown ;  although  the  union  of  an  acid  with  pure 
phlogillon  (which  b  commonly  called  fulphur) 
P  4  takes. 
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takes  place  but  in  few  of  them^-fixed  stir  aUbpoT* 
fcffcs  this  fame  property  .^f  the  bottte  q,  *?  fiUod 
vith  fixed  air,  be  plunged  with  its  mouth.under 
fpirit  of  wine,  the  fpirit  will  be  found  to  abfetb^ 
in  a  temperature  of  lo^^  double  its  own  bulk  of 
fixed  air.'— Let  the  fame  experiment  be  tried  "^mxix 
olive  oil,  and  it  will  be  found  that  it  will  ahfoib 
an  equal,  nay  fometimes  a  greater,  bulk  tbfm  its 
own  ;  fo  that  a  ftratum  of  oil  floating  upon  water 
is  of  little  ufe,  as  it  fcarcely,  if  at  all,  retarda  the 
abforption  of  fixed  air.  Oil  of  turpentine  abfbrbs 
pearly  twice  its  own  bulk,  and  that  in  the  beginaiog 
with  fuch  avidity,  that  in  the  firfl  half  hour  about 
a  fourth  part  of  the  fixed  sur  difappears.  Ether 
does  not  diminifh  fixed  air,  but  expands  it  near- 
ly to  a  double  volume ;  however,  if  this  vaipour 
be  again  pafTed  through  water,  it  reaflumes  its 
original  quantity  and  quality,  fo  that  the  extrMC- 
ous  mixture  prefent  in  this  cafe  cannot  eSk&  a 
permanent  change. 

Fixed  air  is  not  without  di^culty  combined 
with  pure  phlogifton  (yet  they  appear  united  ia 
charcoal)  {g)',  and  perhaps  this  union  may  alfo 

be 

(^)  **  As  charcoal  ncceffarily  contains  a  portion  of 
earthy  it  ought,  I  think,  to  be  confidered  as  an  hepar,  or 
fait  of  three  ingredients  ;  befides,  neither  the  phlogifton  nor 
the  fixed  air  arc  quite  pure ;  the  former  is  in  the  oily  ftatc, 
and  it  is  probable  that  the  latter  is  only  a  conftituent  part 
ef  ^  mere  compound  ackL''    Morvcau.-— This  (I  fear  coo- 

jcftural) 
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be  efieded  by  ele&ric  fparks  drawn  quickly 
^wugh  it,  by  which  means  the  fixed  air  k  £> 
loaded  with  phlogifton  as  to  rqe&  an  union  with 
water :  if  the  fixed  air  which  olive  oil .  holds 
united  with  it  be  again  expelled  by  fire,  and  te- 
cdved  in  a  veflfel,  it  is  found  either  to  a  certain 
d^ee  changed,  or  tnixed  with  heterogeneous 
matters ;  for  it  can  now  fuftain  flame,  and  is  al- 
moft  ipfoluhk  in  water  (/t), 

$    XIX. 

Jfiftoral)  analyfis  of  charcoal  will  not  be  intided  to  muoh 
Sttcaticmy  if  the .  xeAdt  ariiing  {ram  ibme  unpublidied  ex- 
ptnmcutM  Blade  by  J>r  Prieftly  may  be  adoiitted*  That 
Inde&tjgablc  philoibpher  is  iaid  to  have  cooYerted  almoft 
she  whole  of  a  quantity  of  charcoal  into  laflaininable  air, 
Ibj  throwing  the  Socus  of  a  lens  ypon  it.  This  fine  experi* 
Aent  will  very  much  contribute  to  fupport  the  opinion, 
Ithat  Jpflammafale  air  and  pUogifton  are  only  dtfierent  mo« 
dificationi  of  -the  Dune  fubfiance  ;  an  ^opinion  very  ingc- 
jmaoOj  maintained  by  Mr  Kirwan  in  a  late  vol.  of  the 
JhiLTranil    B. 

But  it  IB  now  a  matter  in  difpute,  whether  charcoal  con* 
tain  any  inflanmvable  air  at  all.  Dr  PrieiUy  could  not  ob« 
•tain  any  without  water,  which  ia  now  known  to  yield  it. 
•Thia  doubt  cannot  be  finally  refolvedy  till  the  tottering 
Aftrinc  of  phlogifton  is  quite  overturned,  or  replaced 
wnno  tMo* 

(i)  **  If  theie  experiments  be  joined  to  thofe  related  in 
the  Elem.  de  Ch^mie.  Dijon,  vol.  i.  p.  334.  and  vol.  iii. 
p.  384.  Sec.  it  vrill  be  evident  that  our  knowledge  of  the 
combinations  of  fixed  air  with  imflammable  fubftances, 
amd  in  particular  with  oils,  is  very  deficient :  it  is  not,  for 
inftanoe,  cafy  to  comprehend  why  vegetable  alkali  cry:iUl- 

li^jcs, 
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$  XIX.    Fixed  jfir  precipitates  Bodies  dijfolved 

'  in  pure  Alkalis. 

It  is  a  known  property  of  acids,  that  they  pre- 
cipitate bodies  diflblved  in  alkalis;  and  the  fame 
may  be  done  by  fixed  air. 

Let 

lizesy  when  immerfed  in  oils,  whether  eflential  or  exprefled, 
without  altering  their  fenfible  qualities  ;  why  cauftic  alkali 
reduces  them  to  the  ftate  of  foap»  while  their  rancidity 
feems  to  arife  from  the  lofs  of  fixed  air,  fince  it  is  cor- 
reAed  by  the  reftitution  of  this  fluid;  and  laftly,  wliy 
quick  lime  flacks  in  oils  but  very  flowly  and  knperffeftly. 
The  folution  of  thefe  problems  will  certainly  lead  us  to 
the  difcovery  of  fome  important  truths.**  Morveau.— The 
folution  of  the  lad  problem  would  not  perhaps  be  very  dif- 
ficulty if  we  may  aflume,  with  Profeflbr  Bergman,  that  in 
quick  lime  calcareous  earth  is  united  with  fixed  fire  ;  and 
with  Stahly  that  fixed  fire  is  phlogifton ;  a  liberty,  how- 
ever, for  which  I  would  not  very  ftrcnuoufly  contend.  A« 
oils  are-  already  faturated  with  phlogifton,  they  muft  be 
incapable  of  taking  it  from  quick  lime,  and  therefore  thif 
fubftance  can  only  lofe  fuch  a  portion  as  can  be  tranfmit- 
ted  through  the  oil  into  the  air.  If  fuch  an  explication  of 
the  phenomenon  was  admiflible,  it  would  feem  to  follow, 
that  quick  lime  cannot  flack  in  fluids  faturated  with  the 
inflanunable  principle.     Sed  hoc  arklari  eft. 

The  reader  will  not  perhaps  be  difpleafed,  if  I  tranfcribe 
the  paflages  referred  to  by  M.  de  Morveau,  efpecially  as 
they  are  to  be  found  in  a  work  not  very  commonly  to  be 
met  with  in  this  country. 

"  Oils  cannot  unite  with  alkalis,  unlefs  they  be  pcrfe^- 
ly  cauftic  \  but  if  deliquefcent  alkali  be  poured  into  oil, 

and 
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Let  fulphur,  diflblved  in  lime-water,  be  expo- 
fed  to  fixed  air  in  the  bottle  q,  r  ;  immediately 
the  fidotion  grows  turbid,  depofuing  a  lime  which 

eflfcrvefces 

aad  tke  itttd  remain  for  fome  time  anfiiakeny  very  fine  cry- 
Hals,  in  die  (hape  of  parallelopipeds  with  oblique  angles, 
win  be  formed  at  the  bottom.  They  form  alike  in  unduous 
oily  in  eflcntia]  ofl  of  torpentine,  and  ftill  better  in  animal 
oiL  Now,  9$  the  heavier  alkali  falls  to  the  bottom  of 
fhe  wtSdf  we  mnft  infer  that  there  is  an  affinity  between 
the  oO  and  fixed  air ;  whether  it  fiirnifhes  alone  that  which 
k  attndcd  by  the  alkali,  or  receives,  at  the  furface  which 
ii  in  OMifaA  with  the  atmofphere,  a  quantity  equal  to  that 
vUdi  it  is  obliged  to  yield  to  the  fuperior  attradion  of 
^alblL 

**  Ai  the  rancidity  of  oils  is  occafioned  by  the  dilFipa'..'.>n 
of  the  fixed  air  that  formed  a  conftituent  part  of  tbcciy  tliis 
^  alteration  may  be  prevented  by  reftoring  as  much  as  they 
liavc  loft.  The  Abbe  Rozier  obferves,  that  if  a  fjpunge, 
imHbed  witl^a  foft  pafte  of  alum  and  abforbent  earth,  be 
kept  at  the  bottom  of  a  vefFel  containing  oil ;  as  the  ab- 
lorbent  earth  has  a  greater  af^nity  with  vitriolic  acid  than 
day,  a  flow  decompofition  of  the  alum  is  effeded,  and  a- 
new  (alt  is  formed ;  but  in  evei^  fuch  combination  a  con- 
fideraUe  quantity  of  air  is  extricated,  which,  as  it  efcapet, 
will  mix  with  the  oil,  and  prevent  rancidity :  in  like  man- 
ner ranced  oils  may  be  recovered  by  reftoripg  the  fixed  air. 
}/L  Siefiert  has  given  a  very  good  procefs,  in  which  he 
employs  air  extricated  by  fermentation :  it  confifts  in  mix- 
ing with  the  altered  oil  ^  of  apples,  plumbs,  or  ftraw- 
berries,  &c.  reduced  into  a  pulp ;  in  fetting  this  mixture 
in  a  place  where  it  will  ferment,  and  affifting  it  with  a  little 
honey,  provided  fermentation  fhould  not  go  on  with  fuffi- 
^ent  rapidity :  the  oil,  if  drawn  off  aftor  this  procefs  is 

overt 
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cffervdccs  with  acids,  beoMidfe  pure  calcareous 
jearth  adheres  more  readily  to  fixed  air  thin  h 
does  to  fulphuri. 

Hepar  fulphuris,  prepared  with  fixed  alkali,  is 
likewife  precipitated,  but  fonxewhat  more  flowlj} 
as  the  aerated  alkaU  is  eafily  retained  by  the  wa< 
ier,  therefore  in  this  cafe  the  fulphur  precijMtates 
alone ;  befides  if  (as  is  ufually  the  cafe)  more  al« 
kali  is  prefent  than  is  fufEcient  to  diflblve  the  ful- 
phur, no  turbidnefs  is  occafipned,  until  the  fuper- 
abundant  alkali  is  firft  completely  faturated. 

The  volatile  hepar  futphuris,  which  contaiiis 
fulphur  diflblved  in  pure  volatile  alkali,  and  ia 
commonly  called  the  fulphurated  fmoaking  fpirit 
of  bejuin,  is  very  quickly  and  fpeedily  rendered 
turbid  by  fixed  air.  No  alkali,  except  when  cau* 
ftic,  can  attack  fulphur ;  and  therefore,  upon  the 
acceilion'  of  fixed  air,  all  the  alkalis  jure  rendered 
imfit  for  retaining  it* 

Liquor  of  flints,  in  the  open  air,  gradually  de- 
pofits  its   filiceous  earth ;    a  depofition  which  is 
quickly  effeded,  if  fixed  air  be  made  to  float  or 
its  furface,  and  that  the  fooner,  as  the  alkali  f 
lefs  predominant.     This  is  the  reafon  why  a  fol? 
tion  of  alkali  of  tartar,  although  repeatedly  / 

ter 

ever,  will  be  not  only  rcftorcd,  but  improved ;  fincc 
naturally  acrid  may  be  brought,  by  this  method,  alow 
the  mildnefs  of  oil  of  olivci."  £lcmena  de  Cb 
Pijon.     6. 
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ttte&f  Continues  for  a  great  length  of  time  gra- 
duaOy  to  depofit  earthy  flocculi ;  for  this  alkali 
eontatns,  intimately  mitred  with  it,  flinty  par- 
ticfeSy  which  it  has  acquired  either  during  vege« 
tadon  or  tombuftiati.-*-The  calciners  of  pot-alhes 
fometixhes  fraudulently  add  (and,  in  order  to  in- 
treare  the  weight ;  which,  during  the  operation, 
lb  unites  with  the  aflies,  that  the  flinty  matter,  by 
means  of  the  alkaline  iidts,  becomes  folubte  in 
Crater  along  with  them*— This  flinty  matter  after- 
%7ard8  gradually  feparates,  in  proportion  as  the 
ftlkaii  is  fiiturated  with  fixied  air,  with  which  this 
kttet  more  wiHingly  unites.  Now,  as  the  alkali 
b  kept  in  a  bottle  with  a  narrow  neck,  and  gene* 
tally  flopped,  it  muft  receive  the  precipitating 
matter  from  the  atmofpherc  very  flowly.— The 
feparation  therefore  proceeds  very  gradually ;  but 
if  it  be  diflblved  in  a  large  quantity  of  water  con- 
tadmng  fixed  air,  or  if,  from  the  folution  having 
been  long  made,  it  is  fufBciently  loaded  with  fixed 
air,  the  whole  earthy  matter  at  once  falls  to  the 
bottom  (^> 

Soap 

(<)  Hcnctf  wc  leafn  what  rcfpeft  i«  due  to  M.  Banm^'g 
©pinion,  which  has  been  frequently  copied  into  elementary 
hooka,  concerning  the  caufe  of  this  depoiition  :  according 
to  him,  It  happens  in  confcquencc  of  a  real  decompoiition 
of  the  alkali,  of  which  the  conftituent  parts  are  far  lefs  in- 
timately united  than  thofe  of  the  acids.  A  portion  of  the 
nearly  pure  firci  te  which  it  is  indebted  for  its  faline  pro- 
perties* 
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Soap  is  hardly  dccompofed  by  fixed  air,  partly 
becaufe  the  alkali  is  almofl  always  fuperabundant^ 
partly  becaufe  this  fubtile  acid  among  all  known 
acids  is  the  weakeft,  and  is  accordingly  required 
.  in  great  quantity ;  for  even  of  common  diftiUed 
vinegar  no  fmall  quantity  is  requifite  to  feparate  the 
oil  from  the  alkali :  the  apparent  difficulty  of  this 
decompofidon  is  alfo  occafioned  by  this,  that  the 
fmall  oily  globules  which  are  gradually  feparated^ 
being  vifcid,  cannot  eafily  run  together  ui  diflin£): 
drops. 

Aerated  as  well  as  pure  volatile  alkali  attacks 
copper ;  and  hence  it  happens,  that  neither  in  the 
open  air,  nor  by  the  addition  of  vitriolic  acid,  is 
this  folution  made  turbid  or  precipitated. 


pertiesy  is  diffipated,  and  a  proportional  quantity  of  eartb 
18  feparatedy  and  falls  to  the  bottom ; — this  fait  may  be  ea<« 
fily  dccompofed,  by  driving  off  the  air  and  fire  that  are  a- 
mong  its  conflituent  parts  :  at  the  end  of  thefe  operations^ 
the  earth  and  water,  the  other  conftituent  parts,  may  be 
colleded  feparately.  Chymie  Exp.  8c  Raifonn.  torn.  i. 
p.  322. — Of  M.  Baum^'s  work,  whatever  merit  the  experi- 
mental part  may  pbfFefs,  candour  mud  allow,  that  it  is  too 
full  of  idle  fpeculations  and  grbundlefs  conjedures ;  and 
that  the  inexperienced  reader  cannot  be  put  too  muck  on 
his  guard  againft  being  mifled  by  fuch  ^fe  lights.  I  was 
defirous  of  an  opportunity  to  introduce  this  caution,  and 
to  confirm  it  by  an  example,  as  M.  Baum^'s  Chymiftry  has . 
been  ftrongly  recommended  to  the  attention  of  Engliih  ftu« 
dents  by  Dr  Watfon,  in  his^popular  Eflays.     B. 

§  XX. 


OF  THE  AERIAL   ACED.  63 


§  XX..    The  fimple  eledive  ^ttraHions  of  fixed 

We  have  feen,  in  the  foregoing  lc£tions,  that 
fixed  air  unites  with  alkaline  falts,  with  earths, 
and  metals,  after  the  manqer  of  an  acid ;  it  re- 
mains now  to  examine  the  different  degrees  of  in- 
tenfitj  with  which  it  attrads  thefe  different  mat* 
ters.— I  mixed  them  in  their  pure  ftate  with  aera« 
ted  fubftances,  and  kept  them  in  diftilled  Water, 
and  in  bottles  which  were  iAimediately  clofed, 
left  the  accels  of  heterogeneous  matter  (bould 
render  the  conclufion  ambiguous ;  I  then  accu- 
rately obferved  fuch  changes  of  weight  and  quality 
as  could  be  fubfervient  to  the  end  propofed. 

(a)  I  added  aerated  terra  ponderola  to  pure 
vegetable  alkali ;  but  after  a  few  days  neither  was 
the  former  diminiflied  in  weight,  nor  the  acrimo« 
nyof  the  latter  in  the  leaft  mitigated.  Terra  pon- 
dcrofa,  therefore,  retains  fixed  air  with  greater 
force  than  the  vegetable  alkali  attra£ls  it,  which 
is  alfo  confirmed  by  mixing  the  pure  terra  ponde- 
rola with  a  folution  of  the  fame  alkali,  aerated ;  for 
then  the  terra  ponderofa  is  increafed  in  weight, 
^nd  becomes  mild,  and  the  alkali  is  rendered 
cauftic.  If  vegetable  alkali,  perfeflly  pure,  be 
^dcd  to  water  loaded  with  pure  terra  ponderofa, 
^  precipitation  takes  place }  but  if  the  alkali  be 

aerated. 
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aerated,  immediately  a  turbidnefs  arifes,  the  alkali 
is  rendered  cauftic,  and  the  terra  ponderofa  pre** 
cipitates  aerated  }  but  (ince,  agreeably  to-  itf 
ftrength  (/),  terra  ponderofa  is  faturated  by  a  ve- 
ry fmall  portion  of  fixed  air^  we  mud  determine 
the  quantities  to  be  mixed  together  ($  vii.  viif. 
X.); — now  loo  parts  of  aerated  vegetable  al^ 
kali  contain  as  much  fixed  air  as  is  fufBcient  to  b* 
turate  390  parts  of  pure  terra  ponderofa,  if  each 
of  the  materials  be  difengaged  (compare  alfo  b.) 

All  the  circumftanccs  juft  now  mentioned  takd 
place  when  lime  is  ufed  inftead  of  terra  ponde- 
rofa, except  the  proportions,  which  in  this  cafe 
are,  that  100  parts  of  aerated  alkali  cannot,  widi 
its  fixed  air,  faturate  more  than  68  parts  of  pate 
lime. 

Let  263  parts  of  mineral  alkali,  newly  cryftat« 
lized,  and  100  parts  of  pure  vegetable  alkali,  be 
diflblved  together  in  300  parts  of  warm  water } 
then  let  the  folution  evaporate  over  the  fire,  in  a 
proper  veffel ;  and  let  the  pellicles  which  fucceC- 
fively  appear  on  the  furface  be  taken  away,  and 
colleded  in  a  cone  of  filtering  paper,  fo  as  to  be 
freed  from  the  adhering  cauftic  liquor ;  and  let 
this  be  continued  until  the  pellicles  make  up  from 
150  to  200  parts ;  thefe,  upon  examination,  are 
found  to  be  the  true  vegetable  alkali  aerated}  and 
the  remaining  lixivium  contains  the  mineral  al^ 

(/)  Vid.  Sea.  Tiif. 

kail 
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fcUi  in  a  cauftic  ftate  :  hence  we  may  eafily  form 
a  judgement  concerning  the  fuperiority  of  attrac** 
tion  between  the  vegetable  and  mineral  alkalis. 

93  parts  of  aerated  volatile  alkali  give  over  thei^ 
fixed  air  to  loo  parts  of  pur^  vegetable  alkali,  and 
aflume  a  cauftic  nature,  but  the  latter  portions  arib 
more  ilowly  decompofed. 

168  parts  of  aerated  magnefia  (Contain  only  fo 
much  fisDcd  air  as  is  fufficient  to  faturate  100  p^rts 
of  pure  vegetable  alkalis 

Wc  have  already  obfcrvcd,  that  metals  ((Hffolved 
in  water  by  means  of  fixdd  air  are  precipitated  by 
cauftic  vegetable  alkali* 

(b)  What  has  been  already  faid  of  the  vegetable 
a&aU  holds  good  with  refped  to  tb^  mineral,  with 
relation  to  terra  ponderofa,  lime,  volatile  alkali^ 
magnefia,  and-  metals,  only  changing  the  propor* 
ticms ;  but  it  is  in  general  p6  be  obferved,  that  the 
numbers  coming  out  in  any  cafe,  according  to  the 
{principles  already  eftablifhed,  only  indicate  accu* 
rately  bow  much  fixed  air  is  fufficient  to  faturate 
the  fubftance  employed,  when  at  liberty ;  but  as 
the  operation  proceeds  much  more  eafily  at  the  be« 
ginning  than  at  the  latter  end,  the  complete  refo- 
lution  frequently  requires  double,  triple,  or  even 
fix  times  the  quantity  of  the  decomponent. 

(c)  Volatile  alkali  furrenders  its  fixed  air,  not 
only  to  terra  ponderofa,  lime,  and  fixed  alkalis^ 
but  even  to  pure  magnefia ;  for  this  laft,  being 
added  to  a  folutlon  of  aerated  volatile  alkali,  re^^ 

Vol.  L  £  quires 
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quires  the  power  of  cffervefcing,  and  renders  tbt 
alkali  pure« 

(d)  Aerated  terra  ponderofa»  fo  far  as  I  havfi 
yet  been  able  to  obfcrvc,  neither  is.  itfelf  changed^ 
Hor  occaflons  any  change  in  lime-water  ;  but 
when  burned  and  diflfolved  in  water,  it  fomewhat 
obfcures  the  tranfparency  of  the  calcareous  fpai^ 
added  to  it ;  but  the  difference  of  the  attractive 
force  of  thefe  bodies  is  fo  fmalU  that  the.preva^ 
lence  of  the  terra  ponderofa  is  not  yet  quite  fret 
from  doubt. — ^Magnefia  moft  certainly  gives  out 
hs  fixed  air  to  terra  ponderofe. 

Terra  ponderofa,  difTolVed  by  fuperabundont 
fixed  airy  is  precipitated  by  all  alkalis^  foy  pure 
lime,  and  pure  magnefia;  all  which  bbdies,  bf 
abforbing  the  fupcrabundant  menftruum,  rcduofl! 
the  terra  ponderofa  to  exad  faturation,  m.irtiicb 
ftate  it  is  indiflblublc  in  water,  §  x. 

( t )  If  aerated  magnefia  be  put  into  water  loa^ 
ed  with  pure  lime,  it  foftens  the  acrimony  of  tbt 
lime-water,  and  a  lime,  poiTefling  the  property  cff" 
cffervcfcing,  is  at  length  found  at  the  bottom^  to- 
gether with  pure  magnefia.  Lime,  diflblved  hf 
means  of  the  fupcrabundant. fixed  air,  exhibib  thiQ 
fame  phenomena  as  the  terra  ponderofa  in  the  fiune 
ftatc ;  for  the  menftruum,  when  fuperabundanti 
adheres  more  loofcly'than  when  it  is  only  fiifficient 
for  fatur^tion. 

(f)  Pure  magnefia  is  not  foluble  in  water,  fi 
far  as  is  .yet  known  ;  but  if  it  be  taken  up  bf 

means 
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flMant  of  fixed  lur,  it  is  precipitated  by  alkalisi 
tern  ponderola^  and  YitM^    When  they  are  can* 
ftiCy  the  precipitate  is  fometimes  pure,  fomedmes 
aefated^  in  proportion  to  the  quantity  of  the  pre* 
dpitant ;— 'for  the  fmall  portion  which  can  be  fa-^ 
toratcxl  by  the  fuperabundant  fixed  air,   reduces 
the  mtgnefia  to  a  ftate  of  &turation ;  fo  that,  be> 
ing  rendered  indifloluble;  it  £aJls  for  the  moil  part 
tb  the  bottom,   unlefs  the  quantity  of  water  be 
large ;  and  even  the  pure  volatile  alkali  is  able  to 
efibO:  this  precipitation  (i^ii.),  although  inferior 
in^traftive  power  (c).  Terra  ponderofa  and  lime 
applied  in  the  fame  way,  being  themfelves  iatura« 
led,  fattm  like  manner  to  the  bottom ;  but  if  the 
firft-mentioned  fubftances  be  added  in  fufficient 
quantity  to  the  magnefia,  they  not  only  feize  the 
ftipeiabundant  fixed  air,  but  alfo  that  which  is  net 
<toffiuryto  faturate  the  magnefia,  which  therefore^ 
m-tUseafe,   is  precipitated  pure  (g).     Metallic 
bodies  diflblved  by  fixed  air  (Jxiv. — ^xvi.)  a^ 
precipitated  by  alkalis,  or  earths  when  caufiic* 
As  to  zinc,   its  folutioii,  like  that  of  the  reft, 
grows  turbid  with  pure  volatile  alkali;  but  be« 
ing  gently  fhaken,  the  clouds  again  difappear,  be« 
caufe  the  volatile  alkali  eafily  diflblves  this  femi- 
metal. 

Alkalis  fully  aerated,  as  alfo  magnefia  and  lime 
in  the  lame  ftate,  do  not  at  all  difturb  the  metal« 
ficfolutions,  when  newly  made;  but  it  they. be 
txpokd  either  to  the  open  air  or  to  heat,  fo  that 

E  2  part 
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part  of  the  fixed  air  fhall  have  flown  off,  and  thr 
remainder  adhere  but  flightly,  a  leparation  is  oc« 
cafioned,  owing  to  the  flight  conneSion  which 
now  takes  place  between  the  metals  and  the  wa^ 
ter. 

It  is  well  known  that  zinc  precipitates  all  the 
other  metals  from  menflrua;  and  that  this  wouU^ 
in  the  prefent  inflance,  take  place^   I  have  no 
doubt,  provided  the  quantity  of  fixed  air  could  be 
.  fo  adjufted  as  to  be  fufficient  only  to  diflblve  one 
of  the  metals ;  but  this  can  hardly  be  hoped  for : 
fo  long,  therefore,  as  the  menftruum  is  fuiEcient 
for  diflblving  two  or  more  together,  neither  any 
feparation  or  precipitation  will  be  obferved.    I 
have  added  filings  of  iron  to  folutions  of  zinc, 
both  in  the  ftate  of  regulus  and  of  calx ;  and  a- 
gain,  to  folutions  of  iron  I  have  added  zinc,  and 
after  fome  days  I  have  found  the  metals  laft  added 
partly  diflblved,  without  any  feparation  of  the  for- 
mer.   It  may  therefore  be  aflvcd^  Why  the  aera- 
ted water  does  not  take  up  the  former  to  iatura- 
tion,  as  we  find  that  it  can  afterwards  attack  the 
latter  ?    The  following  explanation  appears  to  me 
to  be  inoft  fatisfci(5lory :— -Aerated  metals  are  faltt 
extremely  difficult  of  folution,  fo  that  by  expe- 
rience we  find  that  only  a  very  minute  portion  of 
them  can  be  taken  up  by  water;  water,  howevcTi 
when  faturated  with  one  fait,  not  only  does  not 
refufe  to  take  up  niore,  but  the  prefence  of  many 
increafes  their  mutual  (blubility }   which  maybs 
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Bluflrated  by  fevenJ  examples :  thus,  ivhen  fatu- 
rated  with  nitre^  it  will  not  only  take  up  common 
£Ut,  but,  being  fully  faturated  with  the  htter,  will 
again  diflblve  more  nitre.  In  the  prefent  inftance, 
this  is  the  lefs  wonderful,  as  we  know  for  certain,* 
diat  the  firft  metal  leaves  untouched  a  fufEcient 
quantity  of  the  menfbruum  (fixed  air)  for  the  fo< 
hition  of  the  laf ter. 

If,  therefore,  a  table  of  affinities  is  to  be  drawn 
up  for  the  metals,  we  have  no  reafon  for  departing 
from  that  which  belongs  to  the  other  acids ; — that, 
namely,  which  has  zinc  firft,  manganefe  next,  and 
laft  iron. 

Wc  deduce,  therefore,  from  the  preceding  ex- 
perhnoits,  the  following  table  of  ele&ive  attrao 

tH»18« 

Aerial  Acid. 


Pure  terra  pondcrofii 
^ — ^^lime 

"   ■     fixed  vegetable  alkali 
— — -  fixed  mineral  alkali 

■  magnefia 

■  volatile  alkali 
zinc 
manganefe 

iron. 


(h)  With  refpcd  to  the  acids  hitherto  known, 

he  aerial  appears  to  be  the  weakcft ;  for  it  is  ex- 

E  3  pcllcd. 
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pcUedy  not  cmly  by  vinegar,  but  by  the  ^I4€gi(lir 
cated  acids  of  nitre  and  vtixioL  In  the  nmun  IUm, 
however,  I  have  more  than  onceJcea  wa^^r  loadsr 
ed  with  the  very  pureft  fixed  air  (which  had  boeii 
extricated  by  fermentation,  fire,  er  nitrgts  acid^ 
grow  turbid  with  a  iblution  of  lead  in  viiM^gir ) 
yet,  akhough  at  other  times  I  had  ^pofbd  kht 
quantities  of  the  ingredients,  and  every  olher  cir» 
cumftance,  in  tbe&me  way,  no  veftige  of  turbid* 
nefs  appeared.  It  is  known  that  boiling  vioc;^ 
takes  up  ceruile,  and  expels  its  fixed  air»  P|6f* 
haps,  then,  old.cryftals  lofe  by  age  a  part  cif  tht 
vinegar ;  perhaps  they  are  decompofed  by  abun- 
dance of  water,  fo  that  the  aerated  w^er  can  takn 
up  the  calx  of  the  lead,  and  with  it  form  a  iak 
which  altogether  rejeds  water,  but  is  diflblv^d  Er 
gain  in  the  vinegar,  without  any  vifiblc  effervef? 
cence. — I  leave  this  queflion  undecided,  until  I 
can  explain  the  caufe  of  dilagreement  between  thefc 
experiments :  I  do  not  make  ufe  of  the  vitriolic 
acid,  as  the  very  fmallelt  mixture  pf  that  acid  pre? 
cipitates  acetated  lead. 

§  XXI. 

Pure  volatile  alkali  cannot  precipitate  either 
terra  pondcrofa,  lime,  or  magnefia,  diflblvcd  in 
any  common  acid ;  but  aerated  volatile  alkali  ef« 
feds  fuch  a  precipitation  very  readily  :  hence,  al- 
though the  former,  by  many  experiments^  plainly 

appears 
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to  be  the  ftro&ger,  yetHfofme  perfons,  from; 

dib  drcumftancc,  (the  fnie  reafon  erf*  which  they 

do  not  undcrfUndX  thinly  it  weaker.    But  thQ 

troth  is  iquite  otherwife ;  natnely,  the  volatile  al« 

kaK  attrads  all  adds  with  much  lefs  force  than 

lime  (I  take  this  inftance  only  by  way  of  ez« 

ampk)  ;  therefore,  when  that  (alt  is  pure  or  alone^ 

no  decompofition  takes  place ;  but  if  it  be  impreg- 

aated  with  fixed  air,   then  a  fourth  fubftance  is 

addted,  which  attrads  the  lime,  fo  that  the  calca- 

fieoos  iak  is  afled  upon  by  a  double  force ;  one 

die  attradion  of  the  pure  alkali,  foliciting  the  acid, 

the  other  that  of  the  fixed  air  for  the  lime ;  and 

thefe  fisttes  joined  together  overcome  the  original 

adbefion  of  the  lime  with  the  acid. 

The  fame  is  to  be  faid  of  aerated  magnefia, 
which  in  like  manner  decompofes  calcareous  falts. 
Befides,  although  pure  fixed  alkalis  can  fepa« 
rate  adds  from  many  earths,  and  from  metals,  it 
does  not  follow,  that  this  proccfs  may  not  be  per- 
formed  by  a  doable  decompofition,  when  the  al- 
kalis empbycd  are  aerated.     Hence  that  remark- 
able difference  of  weight  which  is  often  obferved 
in  precipitating  the  fame  fubflance.    Let  i  oo  parts 
of  calcareous  fpar  be  dilTolved  in  an  acid ;  thefc^ 
predpitated  by  cryftallized  fixed  alkali,  being  ac- 
curatdy  coUedcd,  wafhed,  and  dried,  yield  near- 
ly loo  parts  again,  fimilar  in  their  nature  and  pro- 
perties to  crude  lime.    But  if  the  operation  be 
performed  with  pure  alkali,   the  precipitate  will 
E  4  not 
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not  be  more  than  0,55,  and  agrees  in  properties 
with  burned  and  flacked  lime ;    and  the  fame  is 
true  of  all  fubftances  which  in  their  natural  ftate 
abound  with  fisced  air.     Metals  indeed  differ  in 
this  rcfpeft ;  yet  they  too  gain  from  aerated  pre- 
cipitants  a  confiderable  increafe  of  weight;  £br  in- 
flance — mercury  4^  iron  nearly  an  equal  weight, 
and  fo  on.    Silver  diffolved  in  nitrous  s^cid  is  more 
cafily  precipitated  by  aerated  than  by  cauftic  al- 
kali, and  the  precipitate  is  heavier.     Thefe  acceC* 
fions.  of  weight  are  to  be  attributed  to  (he  fixed 
2^ir,  which  being  expelled   by  the  fbonger.  acid, 
adheres  to  the  deferted  metal,  and,  according  to 
its  quantity,  alters  not  only  the  weight,  but  fome- 
times  even  the  colour.      We  faid  before,  that 
pure  vegetable  alkali  precipitates  corrofivc  fubli- 
mate  of  a  ferruginous  colour,  but  when  fuUy  aera« 
ted  of  a  white  (§  vii.):  we  faidalfo,  that  the  mi- 
i^eral  alkali  can  never  produce  a  white  calx  of  mer? 
cury  {J  VIII.) :  let  us  now  fee  the  reafon. 

Let  there  be  precipitated  only  fo  much  as  is 
united  with  100  parts  of  marine  acid,  and  let  the 
precipitation  be  made  with  vegetable  alkali,  fiilly 
aerated ;  for  which  purpofe  about  415  are  necef* 
f^ry ;  for  100  parts  of  marine  acid  require  199  of 
pure  vegetable  alkali  (§  viii.) ;  and  thefe  199  can 
receive  84  of  fixed  air,  and  132  of  water  (§  vii.). 
But  if  the  mineral  alkali  be  ufed,  100  parts,  of 
marine  acid  require  only  80  parts  of  alkali ;  which 
\n  cryft^llization  recciye  64  parts  of  fixed  2ur,  and 

7^6 
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^56  of  water.  Since,  therefore,  the  mercurial 
calx,  in  this  inftance,  requires  84  parts  of  fixed 
m  to  be  made  white,  and  the  mineral  alkali  fuffi* 
dent  for  the  precipitation  can  fupply  only  64,  it 
appears  plainly  why  this  alkali  cannot  throw  down 
a  white  precipitate  (m). 

It  is  very  probable  that  even  the  calxes  of  the 
b;der  metals,  although  prepared  by  fire,  are  not 
altogether  void  of  fixed  air. — ^With  rcfpeS  to  old 
flowers  of  anc,  I  entertain  no  doubt,  as  they  ef- 
favcScc  with  acids,  and  yield  a  fluid  endowed 
with  all  the  properties  of  fixed  air ;  when  newly 
made,  they  fcarcely  excite  any  fenfible  motion ; 
and  even  the  old  ones,  by  roafting,  are  deprived 
of  that  volatile  menftruum  which  they  had  at* 
trailed  from  the  atmofphere.    The  fame  holds  of 

(flf)  *•  In  order  to  complete  the  proof  of  this  fine  theory, 
it  would  perhaps  be  requifite  to  (how  that  the  quantity  of 
.  merciiry  which  may  be  combined  with  icx)  parts  of  marine 
acid»   takes  up  more  than  64  parts  of  fixed  air,  when  it  is 
precipitated  by  cryftallized  Tegetable  alkali ;  for  it  is   not 
cafy  to  prefume  that  this  really  happens,  when  it  is  confi- 
dcred,  that  the  author  has  jud  aflerted,   that  this  metal 
gainty  by  fuch  a  precipitation,  an  addition  of  only  one  third 
of  Its  weight*     It  may  be  moreover  obferved,  that  feveral 
phaenomena  indicate  the  prefence  of  a  quantity  of  phlogi- 
fton  in  the  intimate  conftitution  of  fofiil  alkali.    1  have  (hewn 
that  it  reduces  gold,  in  the  fame  circumftatices  in  which  ve- 
getable alkali  affords  only  an  <earthy  precipiute. — (£1.  de 
Qiem.  Dij*  torn.  ii.  p.  310).     Now  the  colour  of  the  mer- 
corial  precipitate  may  be  explained  jufl  as  fatisfadonly  bv 
^t  hypothefis."     Morvcau. 
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old  ceruflfe  j<— new  cerufie  I  have  not  yet  ezamKi 
ncd  («). 


§  XXII.     Fixed  Air  is  a  true  Acid. 

From  the  foregoing  experiments,  we  may  con- 
dude  concerning  the  agreement  of  fixed  air  with 
acids ;  for  from  them  it  appears  that  this  vapour 
excites  a  diflin£k  fenfation  of  tafte  upon  the  tongue 
(§  v.);  that  it  reddens  tin£lure  of  tumfole  (§  vi.); 
that  it  attacks  fixed  alkalis  violently,  and  renders 
them  mild  ;  that  a  fmaller  quantity  of  it  than  of 
the  ftronger  acids  faturates  them,  renders  them 
cryftallizible,  and  lefs  foluble  (J  vii.  viii.);  that 
by  its  union  it  makes  volatile  alkali  more  fixed, 
lefs  odorous  and  penetrating,  and  cryftallizes  it 
(§  I X.) ;  that  when  it  juft  faturates  pure  lime,  it 
takes  away  its  folubility  and  acrimony,  and  cry- 
ftallizes  it,  but  that  when  fupcrabundant,  it  rent 
ders  it  again  foluble  (§  xi.) ;  that  it  produces  the 
fame  eflfeds  with  terra  pondcrofa  (§  x.) ;  that  with 
magnefia,   it  conftitutes  a  neutral  cryftallizaUc 
earthy  falt(§xii.);   that  with  iron,   zinc,  and 
manganefe,  it  forms  fairs,  which,  when  diffolved 

(«)  **  This  obfervation  is  of  great  importance,  as  it  an- 
nounces a  metallic  earth,  free  from  all  combination,  either 
with  phlogillon  or  the  aerial  acid  ;  and  as  it  furnifhes  the 
firfl  exception  to  this  general  rule,  That  the  metals  do  not 
lofe  their  fnetallizing  principle,  but  to  unite  with  another 
mcnftruumi  and  reciprocally."     Morveau. 

in 
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r,  ftdden  the  tiBdure  of  tumlble,  tike  aU 
cAftt  metallic  laks  ($  xiv.— xvi.);  that  it  exerts 
db^pc  attradions,  both  fimple  and  double,  after 
raaimer  of  acids  ($  xx.  xxi.);  that  it  pre* 
fuhftances    diflblved    in    pure    alkalis 
(i  XIX.).;  that  its  laft  particles,  notwithftanding 
ils  extraordinary  volatility,  adhere  very  tenacionfly 
to  boObig  water,  and  are  not  without  great  diffi* 
entirely  Separated  from  it,  but  that  by  coa« 
they  are  eafily  detached,  in  the  fame 
as  by  that  fame  degree  of  cold  the  wesd^ 
are  ccmcentrated  (^  iv.) ;  and  finally,  that  it 
greedily  attrads  phlc^fHcated  matters  ($  xviii.)* 
Evoy  one  of  thefe  properties  bdong  to  adds  in 
general,  and  moft  of  them  are  confidered  as  cha« 
nderiftic  marks  which  are  peculiar  to  acids,  and 
diffinguifh  them  from  all  other  fubftances :  either 
dien,  fixed  sur,   being  endowed  with  ail  thefe 
qualkies,  is  an  acid,  or  we  are  reduced  to  con- 
&k  diat  no  certain  criterion  of  acids  is  yet  known. 
The  acidity  of  fixed  air  being,  as  1  think,  de* 
monfbated,  many  reafons  induce  me  to  apply  to 
it  the  name  of  aerial,  or  atmofpberic  acid,  as  be- 
ing adapted  to  its  nature.     It  fo  much  refembles 
common  air  in  levity,  tranfparency,  elafticity,  and 
odier  properties,  that  it  is  only  of  late  they  have 
begun  to  be  diflinguifhed. — Befides,  in  that  aerial 
ocean,  which,  under  the  name  of  atmofphere, 
farrounds  our  globe,  this  vapour  is  continually 
preient,  either  free  or  entangled  in  combination 

witl» 
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with  other  bodies.  Its  exiftcnce  in  the  former 
(late  is  manifeftly  feen  in  phenomena  which  daily 
occur }  lime-water  every  where  feparates  a  cream,* 
when  expofed  to  the  open  air,  which  does  not 
happen  in  bottles  perfe&ly  clofed ;  and  never  can' 
happen,  unlefs  fixed  air  be  in  contact  with  its  fur* 
face  (S  XI.).  Quick  lime,  expofed  for  a  long 
time  to  the  atmofphere,  by  degrees  recovers  what 
it  had  loft  in  the  fire,  fo  as  entirely  to  re-affume 
the  nature  of  crude  lime,  and  be  unfit  for  the 
mafon's  ufe,  unlefs  it  be  again  deprived  of  its  acid. 
Terra  ponderofa  and  magnefia,  reduced  to  a  flatc 
of  purity,  in  like  manner  recover  from  the  open 
air  their  weight,  power  of  eflfervefcing,  and  other 
loft  qualities.  Pure  alkalis  are  made  mild  in  the 
open  air,  lofe  their  deliquiating  quality,  and  form 
cryftals  which  effervcfce  with  acids,  circumftances 
which  can  only  be  afcribed  to  their  attra£ting  fix- 
ed air.  Since  then,  thefe  phaenomena  all  take- 
place  at  every  time,  and  in  every  part  of  thc- 
world,  a  quantity  of  uncombined  fixed  air,  by  no 
means  inconfiderable,  mu(t  be  perpetually  prefent 
in  the  atmofphere. 

But  it  is  not  only  in  an  elaftic  and  difengaged 
flate  that  fixed  air  furrounds  us,  but  it  alfo  feems  * 
to  conftitute  a  primary  principle  of  common  air* 
This  ingenious  conjefturc  of  the  indefatigable  Dr 
Prieftly  comes  now  to  be  examined. 

The  experiment  indicating  this  compofition  of 
atmofpheric  air,  is  a§  follows : — ^Let  tin£ture  of 

turnfole 
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tumfbte  include  a  bubble  of  common  air  in  a  glafs 
tabe,  bended  into  the  form  of  a  fyphon ;  let  ei- 
ther leg,  filled  to  a  certain  height  with  mercury, 
be  immerfed  in  a  veflel  filled  with  that  fluid  metal ; 
then,    by  liieans  of  an  ele£krical  machine,    let 
Arong  fparks  be  plentifully  pafTed  fi-om  the  mer- 
^cury  in  one  leg,  through  the  bubble  in  the  other. 
This  being  continued  for  fome  minutes,  the  fur* 
£ace  oi  the  tincture  will  be  found  to  rife  higher  in 
both  legs,  and  to  change  its  blue  colour  to^  red ; 
the  tin^re,  thus  reddened,  recovers  its  blue  co- 
lour in  the  open  air.    If,  inftead  of  the  tindure, 
lime-water  be  ufcd,   it  is  rendered  turbid,  and 
depofits  an  effervefcing  lime.    In  this  cafe  then, 
the  air  feems  to  be  decompofed,  and  to  be  divi- 
ded into  two  different  elaftic  fluids,  one  of  which 
tinges  the  tinAure  of  tumfoie  with  a  fugitive  red, 
is  abforbed  by  water,  and  precipitates  lime  water, 
that  is,  IS  endowed  with  all  the  criteria  of  fixed 
air ;  but  the  other  fluid  does  not  combine  with 
water,   extinguiflies  flame,   and  deftroys  animal 
Bfe,  as  it  fuflFers  no  change  from  the  vapour  of 
phlogifticatcd  nitrous  acid.    That  thcfe  phaenome- 
na  do  not  depend  upon  the  eledric  fluid  alone, 
appears  plainly ;  for  if,  by  means  of  an  air-pump, 
the  bubble  of  air  be  fo  dilated  that  all  the  redden- 
ed tinflure  is  expelled  from '  the  legs  of  the  fy» 
phon,  and  in  its  place  a  blue  tinSure  be  poured 
in,  to  the  fame  height,  then,  though  the  fparks 
be  pafled  through  the  bubble,  as  before,  no  vef- 
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tiges  of  fixed  air  appear.    Hence  then  it  appeai% 
that  fomewhat  which  reddens  tindure  of  tumfde^ 
and  precipitates  lime-water,  is  found  in  the  aic^ 
and  has  been  taken  away  in  the  former  operatioiu 
We  now  know  that  commcHi  air  confifts  of 
three  elaftic:  fluids  mixed  together,  viz.   ift^  of 
the  aerial  acid,  in  its  difengaged  flate,  but  \u.  b 
fmall  a  quantity,  that  it  alone  cannot  impart  a  vi» 
fible  rednefs  to  tindure  ot  turnfole ;  2d,  of  an  air 
unfit  for  fuftainmg  flame,  or  being  fubfervieat  to 
refpiration  (this  we  may  call  vitiated  air  (o),  until 
we  are  better  acquainted  with  its,  nature  and  -pro- 
perties) ;  and  3d,  of  air  indifpenfably  necefllary  to 
flame,  aiul  animal  life,  which  forms  only,  about 
one  fourth  of  common  air,  and  which  I  call  pure 
air.    Here  a  queftion  may  arife,  which  of  thefe 
fluids  has  been  altered  by  the  eiedric  aura  ?   I  am 

{0)  The  nature  of  this  claftic  fluid,  which  Dr  Pricftly 
has  denominated  phlo<r:J}icatcdj  feems  to  have  been  lefs  elu- 
cidated than  that  of  almoft  every  other  fpecies.     It  it  ge- 
nerated by  phlogilUc  procefTeg,  and  immerfion  of  animal 
fubftances  in  nitrous  acid  :  it  is  fpccifically  hghter  than  at- 
mofpheric  air ;  is  fatal   to  refpiring  animals,  though  feme 
infers  live  in  it ;  it  is  rellored  by  vegetation,  and  in  feme 
degree  by  agitation,  In   oringc-coloured  nitrous  add.     B. 
This  obfcurity  has   been   cleared  up  by  Mr  Cavendiihy 
whofe  late  difcoveries  have  rendered  more  fervice  to  che- 
miflry  than  thofe  of  any  perfon  fince  Dr  Black.     If  we 
admit  the  exigence  of  phlogiflon,  it  is  nitrous  acid  and 
phlogiflon  ;  if  we  rejeft  it,  it  is  nitrous  acid  deprived  of 
all  its  vital  air  or  acidifying  principle ;  in  other  words,  a 
cooflituent  part  of  nitrous  air  and  nitrous  acid* 

inclined 
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Ihcliiied  to  think  the  latter,  inaTmuch  as  it  attraflu 
phlogifton  more  violently  than  even  the  nitrous 
acid  does :  let  us  now  fuppofe  this  air  compound-^ 
ed  of  two  principles,  namely,  of  the  aerial  add, 
and   fomc  other  fubftance,  which  unites   more 
readily  with  the  eledrical  phlogifton  than  with 
the  aerial  acid;    when  the  eledrical  phlogifton 
therefore  is  added,  the  aerial  acid  is  feparatcd, 
and,    as   it   were,    precipitated.      Although    all 
this   appears  very  probable,    yet  other  experi* 
ments,  in  which,   by  means  of  phlogifton,   air 
is  changed,  without  any  appearance  of  the  extri- 
cation of  fixed  air,  prevent  us  from  concluding 
with  certainty  concerning  the  compofition  of  the 
air.     Let  us  ufe,  as  an  example,  the  fulphurated 
lalt  of  Stahl.    I  expofed  ftrips  of  linen,  wet  with 
cauftic  vegetable  alkali,  for  a  fufficiertt  time  to 
the  fumes  of  burning  fulphur ;  I  then  put  them 
into  different  cucurbits^  and  preffcd  them  to  the 
bottom,  fhut  the  mouths  very  clofcly  with  wet 
bladders,  and  kept  them  in  an  heat  of  about  18^ 
for  16  days; — at  the  end  of  that  time  I  opened 
the  mouth  of  one  cucurbit  under  the  furface  of 
tindure  of  turnfolc,  which  immediately  rufliing 
in,  filled  a  little  more  than  ^  of  the  cavity :  hence, 
therefore,  it  appears,  that  the  phlogifton  had  by 
legrees  defertcd  the  vitriolic  acid,  and  changed 
he  included  air,  yet  no  rcdnefs  could  be  pcrcci- 
ed  in  the  tinSure,     I  opened  the  mouth  of  an- 
her  cucurbit,  under  lime  water,  which  entered 

in 
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in  the  fame  manner,  but  (hewed  no  figns  of  tur- 
bidnefs  (p).  If  ele6trical  fparks  extricate'  fixed 
air,  purely  by  the  addition  of  phlogifton,  why 
does  not  the  fame  extrication  take  place  in  dm 
lad  experiment  ? — It  is  indeed  true,  that  in  the 
former  cafe  the  elcftrical  phlogifton  penetrates  the 
whole  mafs  much  more  violently,  and  thence  maj 

{p)  Was  the  fixed  air  produced  in  this  experiment  afc- 
forbed  by  the  vitriolated  tartar,  as  it  was  gradually  form*^ 
ed,  in  confequence  of  the  diffipation  of  the  phlogifton  ^— 
Perhaps  this  conje^ure  will  not  appeau-  fo  very  improbaUet 
if  we  confider  that  Dr  Prieftly  obtained  from  i  an  ounce  of 
that  neutral  fait,  li  ounce  meafure  of  air»  chiefly  fixed; 
vol.  ii.  p.  I  x6. — See  alfo  vol.  v.  p.  164,  where  he  fays,  that 
he  procured  fixed  air  mixed  with  another  fpecies  of  elaftic 
fluid,  both  from  vitriolated  tartar  and.  Glauber's  fait. 

M.  Morveau  contends,  that  the  experiment  above  rdi« 
ted  only  proves  that  fixed  air  is  produced  by  the  eledric 
fpark  taken  in  common  air  ;  and  that,  when  a  given  quail* 
tity  of  air  has  been  once  cxpofed  to  the  influence  of  that 
fluid,  no  more  fixed  air  is  produced  by  frefh  fparks.  He 
inclines  to  think  that  fixed  air  is  generated  by  the  com* 
bination  of  fome  other  principle  with  pure  air*  Thafe 
who  adopt  the  opinion  fo  ingenioufly  maintained  by  Mr 
Kirwan,  in  vol.  Ixxii.  of  the  Phil.  Tranf.  that  fixed  air  coa* 
fifts  of  dephlogidicated  air  and  phlogifton,  will  readily 
fuppofe,  that  the  fixed  air  is  generated,  not  difengaged,  by 
the  ele^ncal  fire.     B. 

We  have  been  fince  taught  by  Mr  Cavendifti,  that  the 
aerial  acid  comes  from  the  turnfole,  which  is  burned  bf 
the  eleAric  fpark ;  and  that  lime-water  is  not  rendered 
turbid  in  this  experiment. 

perhaps 
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perbaps  decompofe  fome  pi^mary  principle ;  :ind 
petbaps  if  the  circumftances  of  our  ezperimeht 
were  charged,  the  fame  effed  will  be  produced ; 
bat  the  laws  of  found  reafoning  oblige  us  to  fuf^ 
pend  our  judgement  until  a  number  of  apt  expe* 
nmcnts  fhall  determine  the  truth. 

In  the  mean  time  fixed  air  may  with  great  pro* 
pricty  be  called  the  aerial,  or  (if  more  agreeable) 
the  atmdpheric  acid ;  it  might  alfo  be  called  the 
tuuverfiil  acid,  as  it  is  found  in  great  abundance 
throughout  all  nature :  but  as  it  is  ufual  by  that 
^mination  to  indicate  that  feline  principle  which, 
difiercntly  modified,  produces  all  the  other  acids 
and  alkaE^;  and  as  thefe  properties  cannot  as  yet 
be  affirmed  of  fixed  air,  1  think  we  fhould  abftain 
fnmi  that  name,  as  being  ambiguous.  1  am  not 
igoocant  that  the  volatile  alkali,  and  the  marine 
add,  contain  phlogifton  as  one  of  their  primary 
priodples ;  and  that,  being  fpoiled  of  the  inflam* 
nublc  principle,  they  are  rcfolved  into  elaflic  va- 
pours: biit  the  vapours  which  are  in  both  cafes 
<>btained,  aUiough  not  condenlable  by  cold,  arc 
M  of  the  lame  nature,  and  neither  of  them  is  fi- 
orilarto  fixed  ^r.  The  vitriolic  acid,  which  is 
fuppofed  to  be  contained  in  the  atmofphere,  is 
nridicr  every  where,  nor  at  all  times,  to  be  found 
^J^:  I  have  for  fcveral  years,  by  means  of  the 
P^^  fixed  alkali,  endeavoured  to  obtain  it,  but 
tivc  not  as  yet  obtained  a  fingle  particle.  The 
Vegetable  alkali  often  contains  vitriolated  tartar, 

^d  the  alkali  of  tartar  itfe}f  is  not  always  free  from 
VoL.L  F  it. 
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It,  owing  doubtle&  to  the  pradicc  of  famigaCuig 
wine-veiTels  with  fulphur— unlefs,  therefore.  Hut 
purity  of  the  alkaline  fait  which  is  expofed  to  the 
air,  be  well  known,'  errors  can  fcarcely  be  avoid* 
cd :  the  vitriolic  acid,  therefore,  U  not  prelent  in 
the  atmofphere,  unlefs  accidentally  j  the  &iiie  may 
be  faid  of  the  nitrous  and  marine  acids,  which  are 
fometimcs  found  in  it. 


$  XXIII.   fFhether  jicidity  be  eJfefiHalio fixed 
Air. 

Although  I  imagine  I  bsve  eftaUHbed  beyond 
doubt  the  acid  nature  of  fixed  air,  yet  {qow  pcr« 
ions  may  fufped  that  this  acidity  b  acckkatal,  and 
to  be  afcribed  to  a  foreign  acid,  which  is  intimate* 
ly  united,  by  way  of  iblution,  with  the  ^■*^"^— ^ 
air ;— but  I  hope  the  following  obfencatioatt  irii 
fliew  that  this  opinion  is  entirely  without 
tion. 

(a)  Let  us  fuppofe  that  common  air, 
ted  from  lune  by  vitriolic  acid,  u,  notwithfta^ 
ing  the  wafhing,  contaminated  by  that  foreqpi 
acid,  in  fuch  a  way  that  they  can  hardly  be  fepa^ 
rated ;  and  that,  while  this  union  lafts,  the  air  h 
rendered  fixed; — now  let  lime-water  be  fitufi* 
ted  with  thb  elaftic  fluid,  and  the  precipitatfed 
Irrnc  examined,  it  will  be  found  in  all  refpedi  fr 
milar  to  cream  of  lime,  or  crude  limc»— I  WMdi 
a(k,  whether  the  common  air,  when  it  is  agvi 
joined  to  the  pure  lime,  retains  the  acid  aduhe» 

M0| 
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fion^  tu&ttd  to  it  in  the  &ine  manner  as  before  ? 
6^,  ^Aethtt  it  ftakes  it  off;  and  leaves  it  at  liberty 
to  mihe  with  other  matters  ?  If  the  former  be  af- 
btttdy  either  the  lim6  pi-ecipitated  by  fixed  air 
iMlgbt  td  diflTer  fifdm  common  lime,  which  contains 
llf6  ^dile  add  (a  fiippofitiori  cohtradifted  by  the 
iom,  accurate  chemical  examination^),  or  the  di- 
ftinffion  between  fixed  bxt  and  common  air  is  re« 
Sxicci  (o  nothing ;  which  overturns  the  hypothe- 
&  of  the  generation  of  fixed  air :  if  the  latter, 
diftilled  vinegar  would  diflblve  the  precipitated 
ftnd,  kaving  the  gypfuitl  ifntouched ;  but  e  pe- 
UttnttOi  made  with  the  greatefl  accuracy  fhew 
Aat  iCftilted  vinegar  diflblves  the  whole  of  the  pre- 
tipitate* 

(tf)'Agaift,  if  the  acidity  depends  upon  a  foreign 
Uttixtdre,  different  fpecies  of  fiscd  air  fliould  be 
ptcdtctA  by  different  acids.  Now  experience  fhews, 
fliat  fixed  air,  extricated  lyy  marine  acid,  and  pro- 
perty waflied,  precipitates  lime-water  in  the  fame 
manner  with  that  obtained  by  vitriolic  acid ;  and  fi- 
ttdly,  that  not  the  ffighteft  difference  in  any  of  its 
ftoperties  can  be  difcovered,  whatever  acid  it  is  ex- 
tikated  by,  provided  it  be  fufficicndy  depurated  by 
wafliing.  if  the  fixed  air  obtained  by  vitriolic  acid 
pofleflfes,  on  that  account,  the  property  of  diflbl- 
^nmg  iron  and  zinc,  that  procured  by  the  nitrous 
ooght  to  attack  filver  mercury ;  and  that  by  aqua 
wgia,  gold  and  many  other  metals  j'^— but  expcrl- 
tocnft,  which  I  mad,e  myfelf  for  that  purpofe, 
^cwcd  nie  that  no  fuch  thing  happens. 

F  %  (c)  Befides, 
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(c)  Beiides,  grant  that  the  fixed  air  expelled. 
during  efFerverccnce  is  adulterated  by  zn  addji^ 
whence  does  that  which  is  produced  entirely  fifiii«» 
lar  by  fermentation  gain  it ;  efpeci^dly  that  which 
appears  in  the  beginning,  a  long  time  before  craa 
the  Brft  ftage  of  fermentation  has  attained  iti 
height  ?  If  the  acidity  of  fixed  air  be  foreign»  why 
can  it  not  be  fo  accumulated  as  to  redden  fymp 
of  violets,  paper  tinged  with  tumfole,  and  tl^ 
other  vegetable  blues  ? 

(o)  Finally,  calcareous  fpar  and  magnefia  af- 
ford genuine  fixed  air,  purely  by  the  force  of 
fire  ($  11.);  although,  by  the  mod  fcrupulous  ex- 
amination, they  do  not  betray  the  fmalleft  veffige 
of  a  mineral  acid.  And  this  fixed  air  is  produced, 
although  they  have  been  very  minutely  powdered 
and  boiled  for  half  an  hour  in  a  pure  alkaline  lixi- 
vium^ and  afterwards  waflied  and  dried,  before 
they  are  put  into  the  retort  j — thus  then  all  fuipi- 
cion  of  a  foreign  acid  vanifhes. 

Since  then,  fixed  air,  rightly  depurated,  though 
extricated  by  the  moft  different  means,  from  the 
tnoft  different  materials,  whether  by  fire  or  by  j 
folution,  is  neverthelefs  always  the  fame,  and  al- 
ways acid ;  I  conclude,  with  all  the  certainty  at- 
tainable in  phyfics,  that  acidity  is  a  property  eflea* 
tial  to  that  elaftic  fluid. 

Some  confider  fixed  air  as  the  fame  with  the 
vapour  of  phlogifticated  vitriolic  acid ;  yet  any 
one  who  but  flightly  compares  the  propenics  d 
the  two,  will  eafily  fee  that  this  opinion  is  witho^ 


foundatiot^ 
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^Nilidatiofi— for  the  one  has  an  irritating  pungent 
odour,  and  deftroys  the  colours  of  any  organifed 
fiihftance;  and,  to  pafs  over  other  circumftances 
of  moment,  may  eafily  be  reduced  to  genuine  vi- 
tnofic  add,  neither  of  which  is  true  of  fixed  air, 
wtuch  poflcfles  a  much  lels  powerful  attra&ivc 
fiffce  than  the  other. 


J  XXIV.    Specific  Gravity  of  the  Aerial  Acid. 

By  means  of  an  hollow  globe  I  meafured  the 
fyocSc  gravity  of  fixed  sur  in  the  fame  way  s^s  na- 
tural plulofophers  weigh  common  air.— I  compa- 
red the  weights  of  equal  bulks  of  fixed  air  and 
ififtilled  water  three  feveral  times.  The  firft  time 
I  fomnd  the  proportions  as  i  to  555 ;  the  fecond, 
at  I  to  ^6^  J  and  the  lad  as  i  to  560.  I  employ- 
ed, as  nearly  as  I  could,  a  moderate  heat  (15'') 
together  mth  a  mean  height  of  the  baron\eter 
(25,3)  but  yet  could  not  avoid  fome  minute  dif- 
finmces. — ^The  medium  of  the  three  obfervations 
is  559^  or,  in  round  numbers,  559, — To  that  its 
^)edfic  gravity  comes  out  00,018  ;— -now  com* 
mon  air,  in  the  £ime  circumftances,  is  fcarcely 
00,012, — ^fo  that  fixed  air  is  about  00,006  hea- 
tier  than  common  air. 

The  noxious  vapour  which  abounds  in  certain 
caverns  is  entirely  of  the  fame  nature  as  the  aerial 
add ;  for  it  is  abforbed  by  water,  and  communi- 
cates to  it  a  pungent  acidity ;  it  reddens  tinflurc 
F  3  of 
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of  turnfole,  makes  lime-vater  turbi4»  f^infpjMtf^ 
cs  flame,  kills  animals,  ^d,  above  aP^  nfi^  \Hli 
a  little  way,  on  account  of  its  fpecific  granf^.  1% 
a  pit  which  was  opened  in  the  yes^r  17179  ^  (bf 
Pyrmont  Spa,  the  loweft  ftratum  of  air,  Vflndx  i| 
fcarcely  two  feet  in  depth,  is  noxious,  ^flkd  w\wn 
the  fun's  rays  can  reach  down  to  it,  it  may  bi; 
perceived,  by  means  of  the  exhalations  mixed 
with  it.  Over  the  medicinal  fountain  itfelf  thcie 
is  a  poifonous  flratum  of  air  hardly  a  foot  in  depthi 
fo  that  geefe,  by  means  of  their  long  necks,  <gn 
fwim  acrofs  it  without  damage.  The  exhalaticMii 
from  the  caves  in  the  neighbourhood  of  the  S^* 
bach,  and  other  acidulous  waters,  are  pf  the  |aipe 
nature.  In  the  Grotto  del  Cane,  near  Naples^ 
men,  and  even  large  dogs,  fuffcr  nothing  while 
they  (land  ere^ ;  but  if  the  noftrils  of  any  animal 
are  brought  near  the  ground,  it  is  inftantly  feized 
by  ftupefadion,— 'This  deadly  vapour  may  be  fccn 
like  a  very  fubtile  fmoke,  which  in  fummer  rifia 
about  a  foot  from  the  ground  i  but  in  winter  no( 
above  a  few  inches. 

From  the  gravity  of  fixed  air  it  alfo  follows^ 
that  the  lower  ftrata  of  the  atmofphcrc  abouac) 
more  with  it  than  the  higher ;  for  the  prodigious 
quantity  which  is  generated  by  fermentation,  pu- 
trcfaftion,  eflFcrvefcence,  and  other  natural  opera- 
tions, every  day  going  on,  for  the  moft  partJre- 
mains  c=ofe  to  the  furface  of  the  earth ; — this  muft 
be  again  fixed  by  the  co^t'mual  generation  of  new 

bodiCSf 
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boAcs.    Certain  portiont  of  it  tlfo,  which  att 
perhaps  generated  from  the  eommon  aur,  in  the 
higher  regiotis  of  the  atmofphere,  by  lightning, 
and  by  Tarious  meteors,  muft  by  degrees  all  fub- 
fide,  were  it  not  that  the  continual  agitation  of 
die  atmofphere,  mixing  the  common  air  and  ae- 
jial  add  with  each  other,  together  with  the  fric- 
tion and  the  fmalhiels  of  the  di£Ference  in  fpeci^c 
gravity,  oontribute  much  to  prevent  it:   which, 
togdher  with  the  above-mentioned  diminution  of 
il9  sB  coiktribute  to  avert  deftrudion  from  the  ani- 
mal woild.    Hence  I  imagine  the  reafon  is  plain 
why  lugher  (kuations  are  in  general  more  health- 
fiil  thatf  lower  ones  (r) ;  and  I  have  no  doubt  but 
datvariftiis  diibrders,  both  epidemic  and  endemic, 

arife 


('}  Though  elevated  fitaatlont  may  in  general  be  more 
"lobrioot  than  low  onesy  it  is  not  to  be  fuppofed  that  the 
*™»fiihiefc  of  any  place  is  in  proportion  to  its  elevation, 
^•ccouat  of  the  different  quantities  of  aerial  acid  Jto  be 
S^^adin  dJ&reat  ftrata  of  the  atmofphere.     But  it  is  not 
"*fial  with  thofe  who  are  contemplating  one  of  the  pria- 
*f*I  agents  in  nature*  to  afcribe  too  many  cffcfts  to  it. 
M.  Sanflbre  found  that  the  air  of  the  valley  of  Chamouni 
**As  a  volume  of  nitrous  air  equivalent  to  28  grains  of 
**cr  more  than  the  air  at  the  fummit  of  the  Buct.  Three 
***^  apcriments  concurred  with  this  to  fhew  that  the  air 
^  ^  bounits  of  mountains  is  lefs  pure  than  that  of  the 
^«fci  lying  at  the  foot  of  them.     The  air  on  the  glacier 
•*Talcfrc  alone  appeared,  by  the  nitrous  tcft,  fupcrior  to 
"^^rf  the  valley  of  Chamouni.     The  air  of  Geneva  was 
F4  of 
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arifc  from  the  different  quantities  of  aerial  acid  i^^ 
the  atmofphere.  At  the  furface  of  the  earth  it  v^^ 
rarely  found  to  form  -^  of  the  common  sur. 

The  aerial  acid  is  not  always  of  the  fame  dc— ^"^^ 
gree  of  tenuity,  which  feems  to  depend  upon  tbiSf  ^ 
that  water  abforbs  certain  p^^rticles  more  readily 

pf  equal  goodnefs  with  that  of  Chamouni,  and  fuperior  t« 
that  of  the  plains  of  Piedmont. 

"  Since  then,"  fays  M,  Sauffurc,  **of  the  tops  of  fifC 
mountains,  four  afforded  an  air  lefs  pure  than  'the  plains 
lying  at  their  feet ;  and  the  only  one  on  which  the  ttr  U 
more  falubrious  thain  ya  the  plains,  owes  that  advantage  to 
a  particular  fituation  \  it  feems  as  if  we  may  conclude  that 
the  air,  at  a  certain  height,  lofes  fomewhat  of  it4  purity* 

'*  I  fhould,  however,  have  been  more  cautious  than  to 
deduce  a  general  conclufion  from  fo  inconiiderable  a  num« 
ber  of  obfervations,  if  the  fine  experiments  of  S.  Volta  on 
inflammable  air  had  not  proved,  that  an  immenfe  quantity 
of  this  elalUc  fluid  is  conflantly  produced,  which,  a^  it  i» 
much  lighter  than  common  air,  muft  rife  to  the  more  de- 
vated  regions  of  the  atmofphere. 

^'  It  appears,  therefore,  that  if  the  air  of  the  low  plains 
is  rendered  lefs  falubrious  by  the  grofs  exhalation^  which 
its  denfity  enables  it  to  fupport ;  on  the  other  hand,  the 
air  of  mountains  raifed  more  than  500  or  6oe  fiithoms 
[toifes]  above  the  level  of  the  fea,  is  vitiated  by  other  cx- 
l^alations,  which  do  not  lefs  diminifli  its  wholefomenefi,  _— > 
becaufe  they  happen  to  be  lighter  than  common  air;  fo^^^ 
^hat,  even  in  the  prefent  inflance,  there  is  a  certain  me*         * 
dium,  at  which  the  denfity  of  the  air,  ceteris  parihm^  i^^^ 
befl  adapted  to  the  life  and  health  of  man — I  fhould  fi^^^tf 
the  height  at  that  of  the  plains  and  great  Tallies  of  Swif  ' 

•zcrland,  which  are  elevated  between  200  and  300  fathon ^« 

^bovc  the  l^vel  of  ^c  fca."    B. 
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than  others.  It  is  not  wonderful  that  the  union 
fitould  be  condnually  retarded  from  beginning  to 
end,  as  this  cScGt  is  entirely  conformable  to  the 
nature  of  attraction ;  yet  the  following  phenome* 
non  feems  to  confirm  the  former  opinion :  — « 

I.et  us  fuppofe  the  bottle  q.  r  filled  with  fix- 
ed air,  and  one  half  of  it  by  degrees  confumed. 
A  fubfequent  union  will  be  effe&ed,  in  a  given 
time,  more  flowly  with  the  remainder,  than  with 
fixed  sur  which  had  not  been  expofed  to  water, 
though  the  furface  of  contad  be  the  fame.  Hence 
it  would  appear,  that  certain  particles,  either  by 
reafon  of  their  figure,  their  magnitude,  or  fome 
e^Ktraoeous  mixtures,  are  rendered  more  unfit  for 
uiuon  ixdth  water  (j). 

5  XXV.    Serial  Acid  extinguijhes  Fire. 

Fixed  air  hot  only  prevents  fire  from  being 
kindled,  fo  as  to  prevent  the  explofion  of  bombs 
and  fire  arms,  but  it  alfo  inflantly  and  completely 
extinguifhes  a  body  red  hot,  and  flaming ;  fo  that 
to  determine  the  prefence  of  mephitic  ^r  by  0ame 
18  a  common  experiment. 

(/)  **  Difference  of  figure  between  elementary  particles 
Icems  repugnant  to  the  theory  of  affinities,  as  produced 
by  this  figure  ;  for  it  is  evident  that  a  body  not  having 
t&e  fame  affinities,  has  not  the  fame  properties,  confe- 
guently  cannot  be  the  fame  body.  I  therefore  think  the 
laft-mentioned  caufe  the  only  one  admiffible.    Morveau.'' 
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Ifaglafs  qrlinder,  A  d,  filled  with  aerial  aeU 
in  the  manner  above  defcribed  (§  1 1.),  and  tbcn 
flopped  by  a  cover,  be  carefully  inverted  and  open* 
cdp  the  fluid  contained  will,  by  its  fpecific  grantji 
renuun  there ;  let  then  a  lighted  candle  or  coal  be 
immerfed  in  it,  and  in  an  inftant  all  the  fire  iriU 
be  eztinguifhed.  But  if  the  veflel  remain  open, 
the  upper  ftrata  mix  gradually  with  the  commoo 
air,  fo  that  flame  can  at  length  fubfift  in  them } 
and  in  this  manner,  by  degrees,  the  whole  maft 
is  changed ;  but  the  more  flowly  in  proportion 
as  the  cylinder  is  more  lofty,  and  the  ctrcom* 
jacent  air  more  tranquil.  The  fame  phaenome» 
non  may  be  obferved  on  the  furface  of  fermendn|f 
liquors. 

The  aerial  acid  very  flrongly  attra£b  fmoak,  ex- 
tends it  in  a  ftratum  parallel  to  its  own  furface, 
and  holds  it  a  long  time.  This  may  be  obferved 
in  caverns  where  mepbitic  air  is  produced  by  mcmg 
of  the  fmoak  of  an  extinguifhed  torch,  or  a  gim 
fired  over  the  noxious  flratum  (/)» 

5  XXVI.    j4erial  Acid  kills  Animals^ 

In  thefe  experiments  I  generally  employ  the  fol* 
lowing  apparatus  :— -A  glafs  veflel,  a  b  (fig.  9^), 

(y^  This  amazing  phsnomenon  is,  I  think,  owing  Xm 
the  attra&ioQ  of  aerial  acid  for  the  water  contained  in  the 
fboak* 

whe|( 
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K^  die  ammal  U  endofedp  is  ftiddcnlf  cement"* 
pottle  wooden  bottom,  b  c  }  thU  ve&l  is  p«r^ 
fontfid  at  the  top  by  a  hde,  i>;  the  tybe,  ^  Ft 
vhidi  iotroduces  the  noiuous  vapour,  is  fttted 
dofely  to  the  bottom*  that  no  air  can  elcapc ;  the 
posioQt  Tapour  expels  the  lighter  common  air 
dttou^  the  hole  D  :  at  firft^  however,  they  ara 
in  fane  d^;ree  mixed  together,  which  is  the  re»« 
ion  vby  die  animal  does  not  as  quiddy  die  as  wheo 
9  once  immerfed  in  the  aerial  acid :  but  experi« 
QCDts  have  ihewn  me,  that  by  this  very  circum*' 
fiance  die  ph^enomenpn  maybe  more  cafily  diiUn* 
goiflicd- 

M  ibon  M  the  noxious  vapour  ru(hes  ia 
^0^  the  tube  e  f,  the  animal  looks  about 
vitb  great  anxiety,  in  order  to  efcape ;  it  then  Ixw 
giQ^  to  pant  ff-F  the  eye-balls  are  protruded '•^  it 
trembles— and  at  length  expires  as  if  going  to 
0^*  By  regulating  the  influx  of  aerial  acid,  the 
aiq^roflch  of  death  may  at  pleafure  be  deferred* 
"Hic  (Hfierence  in  the  fpecies  of  animals,  their  age 
and  vigour,  make  fome  difference :  thus  turds  ge- 
^rally  die  fi3oner  than  dogs ;  thefe  (boner  than 
cats;  amphibious  animals  endure  longer ;  and  in- 
fcfts  longcft  of  all.  With  rcfpeft  to  age,  the 
T^^ger  animals  are  Ids  quickly  deftroyed,  efpe- 
^y  thofe  that  are  (bmewbat  accuflomed  to  it ; 
for  fuch  as  have  been  often  expofiul  to  the  open 
^  in  the  very  agony  of  death,  and  recover,  arc 
''^ards  more  flowly  deftroyed  by  that  fluid 

tha« 
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than  fuch  as  are  for  the  firft  time  expofed  to  it« 
After  death,  the  lungs  appear  fomewhat  colla{i« 
fed ;  they  do  not  fink  in  water,  like  thofe  of  an 
animal  which  has  periflied  in  vacuo,  but  float; 
and  often  are  in  many  places  inflamed.  The  trunk 
of  the  pulmonary  artery,  the  right  ventricle  of  die 
heart,  with  its  auricle,  the  vena  cava«  the  jugular 
veins,  and  the  veflels  of  the  brain,  are  diftended 
with  blood ;  and  I  have  more  than  once  feen  a 
firm  polypus  in  the  right  ventricle.  The  pulmo- 
nary veins,  the  aorta,  the  left  ventricle  t>f  the 
heart,  with  its  auricle,  are  generally  flaccid.'  The 
irritability  of  the  mufcular  fibres  all  over  the  body 
b  found  dcftroyed :  nor  could  I,  either  by 
blowing  into  it,  by  the  knife,  or  by  vitrioUc  add 
highly  concentrated,  excite  to  motion  die  heart 
of  an  animal  thus  dcftroyed,  although  taken  out 
warm(f). 

Authors  difagree  concerning  the  effedive  caufe 
of  death  in  this  cafe ;  and  it  would  be  prefump- 

(/)  I  hare  feen  the  dired  contrary  in  fo  mxnj  czperi* 
mentSy  that  I  hefiute  not  to  rt}e€t  this  account  of  tht  de- 
ftru6kion  of  the  irritability  of  the  mufcular  fibres*  The 
author  muft  have  left  his  animals  too  long  unopened  ;  o* 
therwife  he  would  ha?e  feen  the  heart  contrad,  when  fti* 
mulatcd.  The  caufe  of  death  is  the  hme,  whether  an  ani- 
mal be  drowned  in  water,  aerial  acid»  or  any  other  kind  of 
air»  or  whether  it  be  killed  by  hanging.  When  the  acceb 
of  air  is  prevented*  the  blood  is  not  changed  to  arterial, 
and  is  thercfiNre  incapable  of  illmulaiing  the  left  cavities  of 
the  hcirt. 

tion 
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tion  in  me  to  attempt  the  dectfion  of  fo  important 
a  qadKoii>— Contented  if  I  have  been  able,  in 
diis  £%>   to  eftablilh  the  addity  of  fixed  air, 
which  was  my  chief  purpofe,  I  have  adapted  aD 
die  oqperiments  to  the  end  propofed  with  as  much 
accuracy  a^  I  was  able;    I  repeated  them  dili- 
gcndy,  and  confidered  them  carefully;—-!  there- 
fore thought  it  unneceflary  to  particularife  thofe 
^iuch  have  been  made  by  other  perfons,  and 
^  porpofes  different  from  mine»  efpecially  as^ 
tbcy  cannot  efcape  the  obfervaticm  of  die  learned 
reader  (a). 

^m)  Ifr  Bcwljy  in  fome  letters,  dated  towards  the  dofie 

^  tM^  year  1775,   and  publilhed  in  the  Appendix  to  Dr 

lUefily's  2dToL  defcribes  a  feries  of  experimeatSy  nnder- 

tikdi  in  order  to  prove  the  propofition  maintained  in  the 

fcre^oiog  DifierUtion.     It  will  appear  a  little  ftrange,  that 

H    Aoald  not  have  been  apprifed  of  Profeflbr  Bergman's 

^'puaion  on  the  nature  of  fixed  air,  (for  if  he  had  known  it, 

luft  candour  would  not  have  permitted  him  to  paft  it  over 

in  filence),  as  it  had  been  publifhed  bj  Dr  Prieftlj,  three 

y*^x^  before  the  date  of  Mr  Bewly's  experiments.     We  arc 

^l^^T-cfore  to  confider  the  prefent  iniiance  as  a  confirmation 

^  tiit  obfiervation,  that  the  fame  difcovery  is  often  made  by 

^^Sertfiit  perfons,  without  any  communication  with  each  o* 

^^1*9  when  fcience  has  arrived  at  a  certaun  pitch  of  matn-  ^ 

"^y-    Of  this  truth  Mr  Scheele's  difcovery  of  dephlogifti- 

^*^^  air,  without  knowing  that  Dr  Prieftly  had  previouf- 

V  obuined  the  fame  elaftic  fluid,  furnilhes  another  iUlI 

''^^c  remarkable  example.    On  comparing  the  dates,  it  will 

■c  found,  that  priority  of  claim  as  eyidcntly  belongs  to  the 

Swedifii 
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SwediA  profiiflW  ifl  ttie  formtt,  uit  i»  atMndwIe^ed  M 
kl^g  to  our  induftrioul  eountr jmtB  iA  the .  hftcr  cile^' 
On  pcrufing  Mr  Bcwly's  obfenratioBt^  it  will  be  feen»  t&iK 
he  was  alfo  led  to  adopt  another  opinion*  adranced  bj.  Sir 
It*.  Bergman,  and  called  in  queftion  by  KL  de  Morfeaoy 
tf^.  That  fbted  dkali  h  capable  of  noting  with  t  qnatstitf 
«r  aerial  acid  «8tMdaAg  that  irhkh  i#  0ectfla#y  lof  M  Stm 
tvralifn.    B^ 
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5  I.  A  brief  Hijlory  of  the  Analtiis  qf 

WATSiS. 

MtJCH  time  could  not  have  elapfcd,  before 
mankind  firft  began  to  perceive  the  differ- 
ence of  waters^  although  fumiflied  with  no  other 
criterion  than  that  of  tafte.  But  the  preparation 
of  food,  and  the  rarious  arts  and  manufa&uret 
^hich  afterwards  began  to^  be  ftudied,  muft  grar 
dually  have  fuggefted  a  di&rence  in  the  proper* 
ties  and  goodnels  of  waters,  with  rei^d  to  cer* 
tain  purpofes^  although  we  are  at  prefent  ignorant 
of  the  manner  and  order  in  which  thcfc  difcpverics 
occurred.  Hippocrates  judges  thofe  waters  to  be 
Bioft  proper  for  qoounon  ufe,  which  are  clear, 

light, 
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light,  void  of  tafle  and  fmell,  and  which  run  from 
the  caft ;  obfcrvations,  the  juftice  of  which  is  to 
this  day  generally  acknowledged,  with  the  excep- 
tion of  the  laft,  which  perhaps,  in  the  country  of 
Hippocrates,  reded  upon  fome  local  advantage. 
He  (^)  condemns,  as  word  of  all,  fuch  as  are 
hard,  fait,  aluminous,  and  the  waters  of  lakes 
and  marfhes.  '  Pliny  not  only  diftinguilhes  waters 
into  liitrous,  aluminous,  bituminous,  fait,  fulphu- 
rated,  acidulous,  chalybeate,  ialubrious,  poifon- 
cus,  medicated,  cold,  warm,  hot,  fuch  as  IxmI 
pulfe  ilowly,  fuch  as  incruft  the  veiTels  in  which 
they  are  boiled,  fuch  as  intoxicate,  fuch  as  change 
the  colour  of  cattle,  &c. ;  but  mentions  water  boil* 
ed,  and  cooled  again  by  fnow,  according  to  Ne- 
ro's method ;  and  aiferts,  that  vitiated  waters  aie 
reflored  by  being  boited  to  one  half  (b). 

But  as  to  the  art  of  accurately  examining  wa- 
ters, with  regard  to  their  contents,  we  feared  find 
any  traces  of  it  worthy  of  obfervation,  un^  the 
fevcnteenth  century.  Tabernaemontanus,  whofe 
true  name  was  (c)  Jacob  Tlieodore,  about  the 
end  of  the  fixtcenth  century,  enumerates  a  variety 
of  the  waters  of  Germany,  and  among  the  reft 
Seltzer  water ;  but  he  gives  no  analyfis  of  them* 
(d)  Andrea  Bacci,    an  Italian  phyfician^   whofe 

(a)  Lib.  de  Aercy  Aquis  et  Locis. 

{b)  Hiil.  Nat.  lib.  xxxi.  pai&m. 

(c)  Waflcrfchatz.  Frankf.  1593. 

{d)  Septem  deThermisLibri.  Rom.  i;96. 

work 
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^rork  was  publiflied  in  the  year  1596,  makes  not 
the  leaft  mention  of  analyfes  of  this  kind,  altho' 
no  one  before  him  had  written  fo  accurately  upon 
the  fabjed  of  watei^. 

The  illuftrioiis  Mr  Bbyle,  in  the  year  1663^ 
bad  d]fiu>vered  the  ufe  of  feveral  precipitants«  It 
bad  been  before  known,  indeed,  that  fyrup  of 
lidets  was  made  red  by  vitriolic  adid,  and  by  le* 
moD-joice :  but  this  eflfed  was  attributed  to  fome 
pccbliar  quality  in  thefe  two  liquors.  Mr  Boyle 
diico?ered  this  to  be  a  property  common  to  all  a* 
<ad»;  and  was  alfo  the  firft  who  obferved  the  green 
colour  occaiioned  by  alkalis,  which  he  inftances 
in  the  juice  of  blue-bell.  He  mentions  the  blue 
Uotion  of  copper  in  volatile  alkali ;  he  relates  that  , 
the  colour  of  rofes  is  deftroyed  by  the  fumes  of 
folphur,  but  heightened  by  its  acid ;  that  water 
%cd  by  Bra^l  wood  grows  yellow  on  the  addi- 
tioQ  of  an  acid,  while  that  tinged  by  cochineal  has 
*>b  red  colour  made  more  dilute ;  and  that  alkalis 
'cftorc  the  original  intenlity  of  colour ;  that  filver 
'^  precipitated  from  nitrous  acid  by  fixed  alkali,  by 
common  ialt,  and  by  marine  as  well  as  vitriolic 
>cid,  but  not  by  volatile  alkali ;  that  falited  filver 
grows  Idack  in  the  open  air ;  that  vitriol  of  mer<» 
^  grows  yellow,  when  waflied  with  water ;  that 
^ony  diflblved  in  acids  yields  a  while  precipi- 
P^  on  the  addition  of  volatile  alkali,  but  with 
"^  alkali  a  fediment  of  an  orange  colour,  which 
colour,  on  the  addition  pf  vitriolic  acid,  imrae- 
V0L.L  G  diately 
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diately  difappears,  as  does  afterwards  the  whole  of 
the  precipitate ;  and  that  filver  is  as  it  were  gilded 
in  folutions  of  a  fulphureous  nature ;  together  with 
fevcral  other  circumftances,  many  of  which  had 
doubtlcfs  been  difcovereJ  (e)  before.  Thus,  to 
pafs  over  other  inftances,  Gaflfendi  fays,  that  tine* 
ture  of  rofes  has  its  colour  heightened  by  ^triolic 
acid. 

Nearly  about  the  Tame  time  Dominic  du  Qos, 
at  the  firft  inftitution  of  the  Royal  Academy  of 
Sciences  at  Paris,  in  the  year  1667,  attempted  to 
examine  all  the  waters  of  France,  and  continued 
his  inveftigation  for  fome  years.     He  made  ufe  of 
fcveral  precipitants  befides  thofe  above  mentioned, 
fuch  as  infufion  or  powder  of  galls,  and  juice  of 
the  flpwers  of  leffcr  iris,  to  which  he  afterwards 
added  martial  vitriol,  and  juice  of  tumfole.    He 
examined  the  refiduum  after  didillation,  invcfti- 
gated  its  figure  by  the  microfcope,  its  flavour,  its 
Iblubiiity  in  water^  and  put  its  properties  to  the 
teft  of  hot  iron. 

So  long  fince  as  the  year  1680,  fome  rcn^rk- 
able  experiments  upon  this  fubjed  made  by  Ur- 
banus  Hierne,  were  publiflied  in  Sweden.  This 
very  expert  chymift  makes  three  claffes  of  acidu- 
lous waters ;  namely,  the  acid,  the  vinous,  and 
fuch  as  contain  a  latent  acid ;  he  affirms  that  ead 
of  them  contains  a  peculiar  ore,  mofUy  maifiilt 

{e)  Experiments  torching  Colours.  Ozon.  1663. 

together 
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together  with  a  fmall  portion  of  fulphur,  cither 
somfeft,  as  in  the  acid  gas  of  Spa,  Pyrmont,  and 
pAcr  waters  of  that  nature ;  or  occult^  being  dif- 
ii9l?ed  by  a  concealed  alkali ;  or  as  yet  in  a  naf- 
cent  ftate.  He  confiders  the  examination  of  the 
fefidmim  as  of  little  confequence,  on  account  of 
the  lo(s  of  the  volatile  particles;  and  thinks  weigh- 
ing nfelefs,  imagining  that  volatile  fpirits  do  not 
gravitate.  He  thinks  that  the,  tinging  linen  will 
tecft  waters  faturated  with  a  mature  ore,  but  will 
not  difcover  acidulous  waters  :  he  denies  that  the 
goodneis  of  medicated  witters  can  be  determined 
by  infuiion  of  galls  alone,  insifmuck  as  all  waters 
containing  a  grofs  vitriolic  fait  ftrike  a  black  with 
that  infuiion,  while  various  acidulous  waters  of 
a  more  fubtile  nature,  are  not  aflFedted  by  it ; 
iM)r  does  he  think  the  tinging  of  raw  flefh  fuffi-^ 
dent,  as  alt  vitriolic  waters  induce  on  it  the  very 
&mc  colour  (/)* 

In  the  year  1678,  Hierne  examined  the  acidu- 
lous (g)  Mcdway  witters,  which  had  been  difco- 
Wcd  the  year  before,  and  foon  after  this  fpecies 
tf  water  came  into  general  ufc  in  (/)  Sweden. 

Mr  Boyle  again,  in  the  year  I685,  propofed  a 
number  of  fubftances  for  the  more  accurate  eza- 

(/)  Lilla  Vattu-Prof(raren.  h.  c.  brevis  Aquarum  ex- 
pWtor.     Stockh.  1683. 
ii)  De  acidul.  Mcdviens.  1680. 
(/)  Hiilphers  de  Font,  foteriis  Sueciie. 

G  a  mination 
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mination  of  waters.  He  extols  very  much  die  vchi 
tile  hepar  fulphuris,  diflilled  ftom  fixed  alkali^  iok 
phur,  and  fal  ammoniac ;  this  inftantly  grows  bladi^ 
either  with  green  or  blue  vitriol ;  hence  he  duaki 
that  concealed  fulphur  may  be  difcovcred  by  vitnelj 
he  obferved  that  folution  of  aifenic  grows  fahdij 
and  is  precipitated  by  vitriol ;  he  alfo  affirBis  tlm 
he  was  acquainted  with  a  method  of  difcoverim 
common  bit  in  water,  without  atiy  evaporalioiii 
but  he  does  not  deferibe  the  method  (k).  He  can 
fcarcely,  in  this  cafe,  allude  to  fohition  of  filver,  a^ 
though  known  before,  it  was  then  but  little  ^akif 
but  afterwardgbegan  to  be  more  frequentlyemplof 
ed ;  for  in  the  year  1697  it  was  applied  to  thk  pat 
pofe  by  Nic.  Valerius,  a  Swede,  who  ill  his  teafdi 
examined  the  hot  waters  of  Aix ;  and,  befidci  thf 
above-named  fubftances,  employed  iblutioQS  d 
nitre,  common  fait,  fal  ammoniac,  and  facchamd 
laturni,  the  acids  of  nitre  and  fea-£dt,  aa4  %iril 
of  fal  ammoniac  (/  ). 

About  the  begmning  of  the  prefent  eentuiy 
other  fubftances  began  to  be  ufed :  b  the  jw 
1699,  D.  Regis  and  Didier  employed  tkOuieol 
jQiailow-flowcrs,  which  is  made  red  by  acidss  ancl 

(i)  Apparatus  brcYis  ad  naturakm  k  experimcntilai 
Aquarum  Mineralium  Hiftoriani>  coacinnatus  in  femui 
Epiftolae,  Lond.'  1685. 

(/)  Tentam  Phyfico  Chim.  circa  Aquas  Thermal.  Lngi 
BaUT.  1699,  ^*^^ 

grcea 
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pan  bf  a&afis  (/)•  At  the  £unc  time  Boulduc 
kftodnccd  Krae'Vater,  and  vinegar  of  lead*  Some 
pcrfbn  ient  to  Aiz  by  Buriet  mentions  widi  afto* 
a  filver  cop^  which  haraig  been  kept  for 
days  fat  the  Bath  water,  became  as  it  were 
pUed,  a  i^momenon  long  before  known  to 
ioylt,  and  by  him  afcribed  to  folphur:  it  was 
accounted  for  upon  the  lame  prin- 
by  Homberg  (m) . 
In  the  year  1707^  Buriet  availed  Umlclf  of  fo- 
i  <if  alom,  psiper  tinged  blue  by  turafole,  the 
afterwards  reddened  by  vitriolic  acid, 
vinegar,  tindure  of  damalk  rofes  extrad- 
acid,  together  with  fome  other  fub- 
In  tiie  lame  year  too,  Geofiroi  fubfti* 
broad  open  glais  veffels  to  the  dole  rttorts, 
bad  been  ufed  until  that  time. 

I,  in  1726  and  1729,  Boulduc  employ- 
ed ipanoos  other  contrivances.  For  inftance,  un« 
<i|  dnC  time  evaporation  had  been  continued  to 
dryncft,  and  the  ialine  part  of  the  contents  again 
dtfbtvcd;  but  Boulduc  though^  it  more  expedi* 
tioos  cither  to  feparate  the  ftrata  of  die  whole  re- 
fidmiai,  or  to  fqnrate  the  different  fubftances,  in 
€fder  as  they  prdented  themfelves  duiing  the  eva- 
poration.   He  alfo  (hewed  the  method  of  dtfco- 

(/)  L*Hiftone  de  PAcad.  de;  Sckii.  4c  Parii,  1699. 
(m)  Ibid.  1797. 

0  3  vcring. 
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vcring,  by  precipitation  with  highly-rcftificd  fphit 
pfwinc,  the  falts  contained  in  any  water;  with- 
,  put  expofing  it  to  heat  («). 

From  hence  it  appears,  that  the  principal  pre- 
cipitants  at  prefent  known  were  in  ufe  at  lead  from 
the  middle  of  the  feventeenth  century ;  but  if  wc 
examine  the  conclufions  deduced  from  the  obfo^ 
yation  of  their  effcfts,  we  (hall  be  forced  to  ao- 
knowledge  that  they  have  been  frequently  junfiih  — 
tisfadory,  and  often  more  or  lefs  falfe. 

It  would  be  tirefome  and  ufelefs  to  relate  tl^OfM* 
nions  of  the  ancients  concerning  the  hetcrogene-^ 
pus  matters  found  in  water.     Theophraftus  Pira— • 
celfus  wa$  of  opinion,  that  all  the  fpecies  of  earths 
with  which  he  was  acquainted,  together  with  ialts^ 
l)itumpns,  and  certain  metals,  might  be  fufpeod^ 
cd  and  carried  about  by  that  fluid :  but^  l^yin|^ 
.afide  thefc  unproduftive  fpeculations,  wc  fhall  pro — 
ceed  to  a  period  more  advantageous  to  naturaX- 
philofophy.     It  has  been  already  obfervcd,  thaS^ 
alum  was  long  fuppofed  to  be  prefent  in  waten  ^ 
nay,  D.  Giure,  in  the  year  1669,  contended  HolM 
the  peculiar  nature  of  acidulous  water  was  nc^^ 
conftituted  by  vitriol  but  by  alum,  and  a  ccrtai^^n 
vein  of  foft  iron,  or,  as  he  calls  it,  the  ens  prm- 
mum  of  that  metal.     This,  fo  far  as  regards  ttm< 
alum,  was  however  foon  contradifted  by  Du  Cios* 

(^)  Mem.de  TAcad.  dc  Paris,  1726  and  1729. 
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— Atprcfcnt,  alum  is  very  rarely  found  in  natural 

Waters. 

Du  CIos  at  the  fame  time  fpeaks  of  a  certain 
fidt,  fimilar  to  gypfum ;  but  Mr  Alien  (o)  was 
perhaps  the  firft  who  obferved  in  waters  a  fait  con- 
Gfting  of  vitriolic  acid  and  lime,  and  which  he  calls 
fideiute.  By  the  word  nitre  nothing  more  was 
formerly  under  flood,  than  natron ,  or  mineral  al- 
^aliy  which  Hicme  firft  obferved  in  the  aciduloui 
'Waters  of  Egra  (/>),  and  F.  Hoffman  afterwards 
difcovered  in  feveral  medicated  fprings  {q).  The 
nature  of  this  fubftance  was  accurately  explained 
by  Boulduc,  in  the  year  1729. 

The  ial.  catharticus  amarus,  or  more  properly, 
^trioiated  magnefia,  has  been  in  high  efteem  at  > 
£pfbin,  from  the  year  1610;  and  in  1696  Dr 
Orew  publifhed  a  fmall  treatife  upon  that  fubjed } 
but,  although  it  was  found  in  the  waters  of  Seid- 
litz,  Sctdfchutz,  and  at  feveral  other  places,  and 
ivas'Confumed  in  great  quantity ,  yet  the  true  com* 
pofidon  of  it  remained  unknown  until  the  year 

1755,  when  the  celebrated  Dr  Black  (j)  under*- 
took  the  accurate  examination  of  the  nature  of 

magnefia,  the  prefence  of  which,   even  united 

with  fixed  air  alone,  was  afterwards  difcovered  in 

{0)  NaU  Hill-  of  Min.  Waters  of  Qrcat  Britain,  Lond. 
1711. 
(/»)  Erevis  Aquarum  Explorator, 
{q)  Opera,  torn.  v. 
U)  Edin.  Ads,  torn.  H. 

G  4  fcvena 
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feveral  waters  (/).    Glauber's  fait  is  found  in  mar, 

ny  fprings,  and  is  often  confounded  with  yitnf^ 

lated  magnefia.   About  the  end  of  the  feventMndi 

century  a  new  method  of  detecting  coaunQn  ij4| 

was  difcQvered,  although  its  tafte,  and  the  fqxjf^j^ 

its  cryftalS)  had  been  before  that  time  gcncm^f 

confidcred  fufEcient  for  the  purpofe.  '\ 

In  the  year  1682  Lifter  difcovered  lime  iilA{% 

ters ;  and  in  1752  Le  Roy  found  falited  lime  j|| 

the  laft  lixivium  (v), — ^Margraaf  (Uf<x>vcrqd,iaiftlti 

magnefia  in  1759  (u) ;  and  F.  Home  nitrate4tlinf 

in  1756  (x).     As  vitriolated  water  (IrikesablKk 

colour  with  galls,   and  as  n^oft  acidulous  WHt^ 

poiTefs  that  property,  it  was  immediately  fu|]^)0fi4 

that  fuch  waters  contain  a  vitriol ;   Theopbtaftti 

Paracelfus  (y)  imagined  he  had  put  that  mitj^ 

beyond  doubt ;    but  others,  who  by  evaponil^ 

in  vain  attempted  to  obtain  cryftals  of  vilriol}  bO- 

gan  to  entertain  doubt;  of  the  h&j  yet  by  diffe^^ott 

ways  endeavoured  to  get  rid  of  the  difficulty; :>^ 

Some  alledged  that  thefe  waters  contained  xn^Acf 

iron  nor  vitriol,  but  a  foft  ore,  as  they  called  nlti 

an  ens  primu<n  pf  that  nietal*7-others  ^i^d  rcipcHHft 

IQ  a  volatile  vitriol,  &c. 

(/)  Aaa  Stockh.  1773. 

(v)  Mem.  de  PAqaj*  de  Paris^ 

(n)  Mem.  de  I'Acad.  de  Berlin. 

(x)  Experiments  on  Bleaching.     EdJQ.  1756* 

(jp)  De  Thermis. 
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.    fo^iliebf^mi[iing  of  this  century,  :F.  HoffqnK[i 
Slttcmptod  tQ  <;ftabli(h  a  new  theory  of  mineral  wa^ 
tisxtj  denying  that  there  was  in  the  acidulous  wa- 
ters any  true  and  a^ual  acid :    he  grants  indeed^ 
that  an  acid,  vapour  does  exift^  which,  together 
with  a  certain  elaflic  etherial  principle,  wUch  he 
calls  ipixitus  mundi,  conftitutes  the  fpirit  aiul  life 
of:  the  medicated  waters ;  but  he  confiders  this 
as  lEohlile^  and  therefore  eafily  diifipated.    On  the 
contcary^  he  ii^fts  that  the  acidulous  waters  are 
fdkaline,   becaufe  they  eflFervefce  with  acids,  and 
change  the  colour  of  fyrup  of  violets  to  a  green: 
lihdiaare  marks,  however,  v^ich  we  know  to  be 
ambiguous  (^  vi  u).    As  we.  are  not  acquainted 
imth  any  alkali  but  fuch  as  haspafled  through /ire^ 
and  as  alkalis  are  confequently  confidered  as  the 
products  of  fire,  many  perfons  denied  the  poffibi- 
Sty. of  their  exiftence  in  waters  (z)»     Hoffman 
himielf  thinks  that  the  alkali  originates  from  a 
^pkit  of  fulphur,  which,  according  to  the  degree 
of  its  fubtlety,  would  form  with  lime  an  alkalis 
cither  fixed  or  volatile ; — Hcnckcl  thinks  the  al- 
Jcali:  derived  from  common  fait,  though  he  owns  he 
is  ignorant  bow  its  acid  can  be  expelled. 

At  length  Dr  Seip  (a)  gave  an  explanation, 
which  was  thought  to  remove  ^1  the  difficulties 

(z)  Opera»  tom.  v. 

{a)   Befchrcibung  der  Pyrmontifchcrs  Mineral  WafTer^ 

.  completely; 
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completely  :  he,  with  many  of  the  ancients^  fiip« 
pofcs  that  the  genuine  mineral  fpirit  is  the  vohtik 
vitriolic  acid  ;  but  as  the  ancients  (from  the  fad^ 
den  change  which  the  water  undergoes  on  expo- 
fure  to  air)  concluded  that  this  volatile  fubftance 
flew  off,  he,  on  the  other  hand,  contends,  that 
the  fubtile  acid  which  had  formerly  been  united 
with  iron,  now  forfakes  the  metal  to  unite  with 
the  alkali,  which  in  the  fubterraneous  caverns 
could  not  exert  its  fuperior  attradive  power  ;  .and 
hence  it  is  that  the  remarkable  change  which  act^ 
dulous  waters  undergo  when  expofed  to  the  air, 
takes  place :  this  fpirit,  he  thinks,  may  be  again 
expelled  by  diftillation,  and  then  obtained  in  its 
proper  form.  How  far  this  explanation  is  agree* 
jible  to  truth,  will  be  fcen  (§  viii.) 

In  the  year  1748,  Dr  Springsfield  (J?)  delivered 
it  as  his  opinion,  that  air  was  the  eficdive  eaufe 
by  which  the  contents  of  the  fubtile  waters  were 
kept  in  a  (late  of  perfed  clear  folution,  becaufe 
the  departure  of  air  always  occafions  a  turbidnefi 
and  precipitation.  And  this  opinion  was  after- 
wards further  confirmed;  for,  in  the  year  1755, 
Vcnel's  Memoirs  on  Seltzer  water  were  publi(h« 
ed ;  in  which,  by  very  convincing  arguments,  he 
fliews  that  the  volatile  fulphurcous  acid  is  not  the 
true  mineral  fpirit,  which,  on  the  contrary,  he 
contends  is  no  other  than  the  air  itfelf }  and  he  de- 

{l>)  Iter  Mcdicum  ad  Aquas  Spadanas. 

monftratcs 
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monftrates  tbde  propofitions  by  arguments  both 
analytical  and  fynthetical  (c) ;  and,  although  he 
&d  not  arrive  at  the  truth  altogether,  it  muft  yet 
be  confeffed,  that  he  came  nearer  to  it  than  any 
one  before  his  titoie  :  he  alfo  attempted  to  prepare 
Sdtzer  water  artificially.  It  is  to  be  lamented  that 
this  very  acute  chymift,  who  fuperinterided  the 
examination  of  the  waters  in  France,  did  not  pu^ 
bli/h  any  thing  more  upon  that  fubjed  before  his 
death. 

It  is  at  length  (hewn,  by  incontrovertible  cxpc- 
liments,  that  the  genuine  mineral  fpirit,  which 
gives  eharader  and  life  to  the  cold  mineral  waters, 
is  altogether  the  fame  with  that  fluid  which  is  now 
called  fixed  air :  this  principle  is  common  to  the 
Seltzer,  Spa,  and  Pyrmont  waters  ;  but  diflFerent 
felts,  in  diflFerent  proportions,  determine  the  dif^ 
fcrcnt  fpecies  of  thefe  waters. 

Hence  water,  by  bare  impregnation  with  fixed 
ar,  cannot  properly  be  called  either  Seltzer,  Spa, 
or  Pyrmont ;  nor  can  he  be  faid  to  underfland 
the  artificial  preparation  of  thefe  waters,  who  mere- 
ly knows  the  method  of  faturating  water  with  fix- 
ed air. — ^Thc  particular  quantity  of  the  diflFerent 
felts  which  conftitute  the  peculiar  nature  of  each, 
muft  alfo  be  known. — The  vapour  which  is  found 
in  hot  baths  confids  fometimes  of  the  aerial  acid^ 
as  in  the  Caroline  waters  of  Bohemia,  but  is  fre- 

(c)  Mem.  der  Sc.  Etr. 

^  quently 
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quently  of  a  different  nature^  a&  we  fhall  fee  hcxc^ 
after. 

In  the  year  177 1,  at  Upfal,  feveral  perfons  made 
life  of  waters  artificially  prepared,  which  cxadly 
relembled  the  natural  waters  of  $eltzer.  Spa,  and 
Pyrmont^  not  only  as  to  the  volatile  pact,  butas  !• 
the  entire  contents  (d) ;  and  the  ufeof  thelc  watcrt 
^terwards  obtained  through  mod  of  the  provincci 
of  Sweden. 

In  the  year  1772,  Dr  Prieftly  publiflied  a  book 
at  London,^  in  which  he  taught  how  water  might 
be  (aturated  with  the  fixed  air  expelled  from^diaH; 
by.  vitriolic  acid  .—Mr  Lane  had  before  employed 
fermentation  for  the  fame  purpofe,  with  the  addic- 
tion of  iron,  by  which  the  water  became  a  chi^ 
beate. 

The  hepatic  vapour,  with  which  many  hoi 
baths  are  impregnated,  has  occafioned  much  peiv 
jdexity^  becaufe  fulphur  cannot  artifidally  be  ob- 
tained from  them,  though  ic  fublimes^  fponta^ 
neoufly,  as  at  Ai}c.-*«Of  thofe  who  have  laboured 
in  this  field  it  is  fufficient  to  name  Charles  Lucas> 
who  yet  did  not  fucceed  (e).  At  prefent  the  iny« 
ftcry  is  unfolded  (§  iv.  vii.  f.  viii^  e.) 

Finally,  I  fhould  mention,  that  ^e  knowledge 
of  the  heterogeneous  matters  contained  in  wa<r 
ters,  lately  acquired,  has  excited  many  to  undeir^ 

(J)  Vet.  Acad.  Hand!.  1773. 

{e)  £(Iay  on  Waters.     Lond.  I7£& 
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ifid^e  a  daMcation  of  waters,  according  to  their 
contents.  On  this  principle  the  celebrated  Pro* 
feflbr  Sir  J.  6.  Wallerius,  publiflied,  in  the  year 
1748,  his  Syftema  Hydrologicum  (/). — ^F.  A. 
Cartbcttfer^  in  1758  (^),  publiflied  a  work  of  the 
fiune  kind;  as  did  alfo  Mr  Monnet^  in  1772  (/i); 
not  to  mention  tbofe  who,  limiting  their  refearches 
to  the  waters  of  certain  countries,  have  not  treated 
the  fubjed  at  large. 

The  nature  of  the  prefent  Work  does  not  per- 

tmt  me  to  fpend  any  time  in  relating  the  feveral 

difcoveries  pf  the  modems,  which  have  led  the  way 

to  a  complete  examination  of  waters  :    befides^ 

thefeareall  to  be  found  in  the  modem  books. 

Let  the  candid  and  (kilful  judge  whether  the  de- 

monftration  of  the  acid  nature  of  fixed  air,  the  fo« 

bdon  of  chalk  and  magnefia  in  water,  by  means 

Df  that  fubtile  menftruum,  and  the  analyfis  and 

fyathefis  of  Seidfchutz,   Seltzer,  Spa,  and  Pyr* 

moor  waters^  have  contributed  any  diipg  to  that 

parpole. 


(/>  Wattu«Riket«  ad  Fm.  coinparet  brevis  Introd.  ti 
Af{iai»  examniand. 
{g)  RuduBjenu  HydroL  Sjft.  Fj^.  id.  V.  1758. 
(^}  Nottv*.  Hydrologi^  i??^^ 
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§  II.    The  Examination  of  Heaters  highly  ne^ 
ceffary. 

Water,  confidered  by  itfelf,  and  free  from  any  ^ 
heterogeneous  mixture,  is,  as  far  as  conje&ure  :s 
can  reach,  always  of  the  fame  nature ;  but,  du-  — 
ring  its  pafling  over  or  penetrating  various  ftrata^  ^ 
it  is  loaded  with  heterogeneous  matter,  more  or    -a? 

left,  according  to  circumftances ;  very  fubtilc  pow- 

ders  being  partly  mechanically  fufpended  in  it,  and..^H 
partly  united  intimately  with  it,  in  the  way  of  chy 
mical  folution  :  hence  no  water  is  ever  found  up 
on  the  furface  of  the  earth  in  a  ftate  of  perfedk  pu«i^*- 
rity;    nay,  even  rain  and  fnow-water,  althougb^H 
elaborated  by  the  peculiar  powers  of  nature  froii    m 
the  moft  fubtile  vapours,  with  a  degree  of  per-^ 
feftion   inimitable  by  art,   thcfe,  I  fay,   thougfczai 
coUcacd  with  all  poffible  care,  are  yet  found  va^  - 
rioully  contaminated^  according  to  the  feafom  »  ^ 
the  year,  the  climate,  and  other  circumftances. 

The  heterogeneous  particles  which  waters  con.- 
tain  differ  with  refpeft  both  to  quality  and  quan- 
tity :   hence  it  is  that  fome  ^re  fit  for  the  ufed  of 
life,  others  unfit,  noxious,  or  even  fometimes  mor- 
tal ;  while  others  are  found  extremely  efficacipus 
in  curing,    or  at  leaft  in  alleviating  diftempers. 
The  medicinal  waters  differ  very  much  in  power, 
according  to  the  quantity  and  quality  of  the  parti- 
cles contained  in  them  :   hence  fome  which  expe- 
rience 
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ricncc  fhcws  to  have  been  employed  with  the  beft 
fucccfs  in  certain  cafes,  in  others  may  prove  either 
inert  or  noxious.  In  the  brewing  of  mah  liquors, 
the  baking  of  bread,  the  boiling  of  pulfe,  the  wafli* 
ing  and  bleaching  of  linen,  the  dying  of  diflferent 
fubflances,  the  preparing  of  hides,  ikins,  and  pa- 
per, and  in  a  number  of  other  arts,  the  quality  of 
the  water  employed  is  of  fo  much  confcquence, 
that,  unlefs  one  be  chofen  fit  for  the  purpofe,  the 
whole  proceis  fails.— Water  is  ufed  in  confiderable 
quantity  in  the  preparation  of  food,  and  always 
conftitutes  the  greater  part  of  our  drink ;  info- 
much  that  if  we  allow  one  kanne  per  diem  to  each 
•adult,  our  calculation  will  rather  fall  ihort,  than 
exceed. 

Hence  it  readily  appears  how  a  quantity  of  per- 
nicious heterogeneous  matter,  though  fmall,  being 
daily  accumulating,  may  foon  lay  the  foundation 
of  numberlefs  diieafes. 

From  what  has  been  faid,  I  believe  it  is  fuffi- 
ciently  obvious,  that  the  analyfis  of  waters  is  high- 
ly neceffary,  not  only  as*  a  fpeculative  branch  of 
natural  philofophy,  but  as  fubfcrvicnt  both  to  pu- 
blic and  private  advantage.— From  thence  we  arc 
enabled, 

ifl.  To  chufe  the  pureft  water  for  internal  ufe. 
2d,  To  avoid  fuch  as  is  either  unfit  or  no- 
xious. 

3d, 
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3d,  To  form  a  proper  judgement  concerning 
fuch  as  are  ufeful  in  medicine.  Thaft,  'i 
long  experience  has  (hewn  the  efficacy  of  the 
water  in  a  certain  fountain,  and  if  at  the  lamt 
time  the  contents  of  that  water  be  known, 
we  are  enabled  to  anticipate  the  ezperiencii 
of  years,  and  inftantly  to  form  a  judg6* 
ment  concerning  the  virtue  of  other  waters^ 
which  exa£lly  refemble  in  their  contents  the 
water  whofe  properties  are  already  efta- 
bliflied. 

4th,  To  feleft  fuch  waters  as  are  beft  adapted 
to  the  (everal  arts  and  manufaftures* 

5th,  To  amend  the  impure  (in  fcarcity  of  good 
water),  and  to  Jfeparate  from  it  thofe  hctc* 
rogeneous  particles  which  chiefly  impede  iti 
ufe. 

6th,  To  imitate  fuch  as  are  celebrated  for  ex^ 
traordinary  virtues,  if  a  fufficient  quantitf 
of  the  natural  water  cannot  conveiuendy  bcr 
had. 

§111.  j^n  accurate  Analyfis  rf  ff^aters  is  juftfy 
confidered  as  one  of  the  moft  difficult  Problems 
in  Chymiftry. 

In  proportion  as  an  ingredient  forms  a  finaDcf 
part  of  a  compound  fubflance,  the  more  difficult 
it  is  to  difcover  that  ingredient,  becaufe  it  is  the 
more  inveloped  and  hidden.-~By  means  of  fire 

we 
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bwedxDcs  difcover  -r^wv  part,  and  even  fome« 
;  a  finallcr  proportion  ;-^but  in  the.  analyfis 
of   vaiers  it  is  often  neceflaiy  to  deted -j^^Tr^f 

^Wbeatbe  iiibftance  contained  is  not  only  finally 
but  alfo  compofed  of  different  ingredients,  the  fe^ 
paration  becomes  ftiU  more  difficult.  Sometimes 
the  heterogeneous  matters  in  water  amount  only 
to  -gi-g^j  yet  this  is  found  to  be  compofed  of  fix^ 
feircn,  or  eight  different  ingredients,  mixed  toge- 
ther in  foch  a  msmner  as  to  be  eafily  confounded ) 
it  is,  notwithftancfing,  neccflary  to  determine  the 
^piantity.aiid  quality  of  each. 

Add  to  HMf  that  feme  of  the  contents .  are  fa 
fi^^tile  at  to  islude  the  lenfes,  or  fo  volatile  as  to 
Ay  off  imperoqptibly ;  Come  of  the  principles  alfo 
^rc  depomppfcd  during  the  examination-^ence 
^^  require  tg  be  iavciligated  by  peculiar  con* 
trhrances. 

It  may  be  thought  that  the  difference  of  a  few 
t^mos  in  a  kanne  will  not  effentially  alter  the  pe-* 
culiar  virtue  of  the  water;  but  experience  fliews 
dtic  contrary  very  clearly. 

Thefe  circumftances  will  ferve  to  (hew  the  dif- 

ficuky  of  the  queflion  before  us,  even  to  thofe 

^ho  dxc  altogether  ignorant  of  chymiftry.^-And 

pcrfiaos.  who  are  even  more  than  moderately  ikill- 

^  io  that  fcicncc,  muft  exercife  peculiar  addrefs^ 

^  order  to  perform  the  neceffary  operations  with 

Efficient  accuracy.    We  can  by  no  means  there* 

Vol.  I.  H  fora 
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fore  imagine,  that  powder  of  galls  and  fynip  of 
violets  are  altogether  fiifficient  for  this  purpofe. 

I  fhould  now  proceed  to  defcribe  the  method 
which  I  found  mod  convenient  in  conducting  this 
procefs ;  but  it  will  be  advantageous^  previoufly 
to  know  what  heterogeneous  fubftances  are  ufuaBy 
found  in  cold  waters. 


§  IV.   If^hat  lieterogeneaus  Matters  are  gene-^ 
rally  found  in  Pf^aters. . 

Very  minute  particles  of  flint,  lime,  magncfiat 
and  clay,  are  fometimes  found  mechaniodly  fiif* 
pended  in  water.  The  argillaceous  particles  ok- 
fcure  its  tranfparency,  and  render  it  of  an  opal 
colour ;  the  others  occafion  variations  which  art 
lefs  obfervable,  becaufe  the  fubtilty  of  their  par- 
ticles and  the  furrounding  water  render  them 
tranfparcnt. — All  thefe  fubftances,  when  fuffid- 
ently  comminuted,  acquire  a  furface  fo  largitf,  in 
proportion  to  their  weight,  that  the  friction  ncccf- 
fary  to  be  overcome  in  their  defcent  becomes  fu* 
perior,  or  at  leaft  equal,  to  the  difference  of  fpc* 
cific  gravity  between  the  particles  of  the  earth  and 
thofe  of  the  water,  which  is  the  force  with  which 
the  earthy  particles  tend  to  the  bottom ;  and  fo 
long  as  this  equilibrium  takes  place,  the  partideii 
once  diffufcd  in  the  water,  will  remain  fufpcnd- 
ed. 

But  various  fubftances  are  found  united  with 

watci} 
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water,  and  with  each  other,  much  more  intimate'^ 
1^9  that  is,  by  means  of  chymical  folution — ^thefe 
are  now  to  be  enumerated,  and  to  each  we  fhall 
fiibjoin  a  reference  indicating  the  place,  in  the  fol- 
Icnring  pages,  where  the  fpecific  nature  and  quan- 
tity of  each  of  them  are  particularly  treated  of. 

Pure  air  is  contained  in  moft  waters,  in  the 
prcportipn  of  about  one  cubic  inch  to  a  kannei 
tills,  when  expelled  by  boiling,  or  by  the  air- 
pumpt  is  gradually  recovered  from  the  atmo- 
Jphcre  (vii.  s  $  viii.  a,  b.) 

Aerial  acid  alfo  is  found  in  every  water,  but 
«  very  unequal  quantity,  from  -rw  of  the  bulk  of 
the  water,  to  a  bulk  equal  to  that  of  the  water  it- 
feif.  Thisy  as  well  as  the  pure  air,  by  its  dilata- 
uoQ  under  the  receiver,  produces  a  number  of 
bubbles  j — ^it  communicates  to  water  an  agreeable, 
pungent,   and  refrigerant  flavour  (vi.  a,  b,  c  ; 

^11.  A,  F,  K,  S  J    VIII.  A,  B,  C,  D.) 

Irrflammable  air  fbmetinfies  iftues  from  waters ; 
this  fpecies  of  air,  however,  is  not  united  with 
Ac  water,  but  rifes  from  the  bottom,  and  is  ex- 
pmdcd  at  the  furface. 

file  other  acids ^  in  a  difengagedftate,  are  on- 
ly found  in  waters  accidentally  (vi .  c;  vii*  a,  h) 
^m.  b.) 

ytgetable  alkali  Is  tarely  found  in  watets,  and 
«nioft  always  in  combination  (vl.  c ;  vii.  b,  c); 
Ibinetimes  vitriolated  or  £ilited,  but  more  fto^ 
qucndy  nitrated  (xi.  b,  1,  a,  3.) 

H  2  Mineral 
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Mineral  alkali^  however,  often  occurs,  ddief 
aerated,  vitriolated,  or  (alited  (vii.  t";  hu  m^u 

^y  3-) 

Folatile  alkali  is  fometimes  prefent,  probably 

communicated  by  putrid  vegetable  or  aiumal  fab- 

ftances  (vi.  b,  c  ;  vii,  b,  c  ;  viii.  F.) 

Terra  ponder  of  a  is  fometimes  accidentally  found    J 

{mited  with  marine  acid  (vii.  F,  l;  x»  D^  6|   ^ 

XI.  B,  4.) 

Lime  frequently  occurs   aerated,   vitrichtcd^^^ 
nitrated,  or  falited  (vn.  g  ;  x.  d  ;  xi«  a,  c.) 

Magnefia  is  not  fo  frequently  found;  yet  fomc  i 
times  it  occurs  either  aerated,  vitriolated,  nitrated, 
or  falited  (x-  d  ;  xi.  a,  b,  4.) 

Vitriolated  clay  (1),  or  alum,  is  rarely  fooncf 
in  waters  (vi.  c  ;  vii.  n  ;  x.  D  }  xi.  b,  4.) 

Among  the  metals  iron  is  mod  frequently  &:- 
covered  in  waters,  and  that,  aerated,  (vi.  f; 
VII.  D,  E  ;  X.  D,  4«)  vitriolated,  or  fomedmes 
perhaps  falited  (xr.  b,  5.) 

Manganefe  has  not  yet  been  found,  except 
falited,  although  it  may  poffibly  be  difcovered  a^ 
rated  or  vitriolated  (vi.  i\  x.  D,  4;  xi.  b,  5.) 


(/)    An  ingenious  Englifti  phyfician  has  deuAcd  ii 
earthy  fait,  which  one  (hculd  flill  lefd  exped  to  find  if 
water.     He  has  met  with  muriated  or  falited  clay  in  Nr 
y\\  Holt  water,  which  has  long  baffled  the  attempti 
chymifts  to  analyfe  it.«»His  analyiis  hat  not  bfca  ptiUi 

Coj 
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Copper  has  only  been  found  vitriolated  (vi.  a^ 
^  5    XI.  B,  5.) 

Arfemc  yctj  rarely,  and  in  the  form  of  a  caU 
(x:i.  1,5.) 

£xtrads  from  vegetable  and  animal  Jidjian* 
^^^f  inth  which  water,  palfing  through  ftrata 
Containing  fuch  bodies,  is  fometimes  contamina* 

ScHBCwfaat  of  an  hepatic  nature  is  alfo  found^^ 
C^edally  in  hot  waters,  and  fometimes  alio  in 
Qnld  dialybeate  waters ;  but  in  general  it  is  fo 
Ibbcile  that  it  inftantly  flies  off  in  the  open  air,  and 
maiiifafts  itfelf  no  other  way  than  by  its  fmell  (vi. 
M.}m  A  genuine  hepar  is  rarely  prefent,  although 
it  is  fidladoufly  indicated  by  an  hepatic  vapour, 
5^ofififliwg  of  fulphur  refolved  into  the  form  of  va^ 
poor  by  means  of  phlogifton  and  the  matter  of 
heat ;  as  it  clearly  demonftratcd  in  the  Treatife 
OQ  tlie  produ£te  of  fubterraneous  fire.  The  me- 
tbod  of  feparating  the  fulphur  in  its  proper  form 
win  be  explained,  (vii.  f,  t.) 

I  could  not  difcover  any  certain  (igns  of  bitU'- 
minous  ail,  it  being  immifcible  with  water,  unlcfs 
by  oneans  of  an  alkali.  Petroleum,  agitated  with 
diflilled  water,  feparates  again  upon  (landing.  It 
muft  be  acknowledged,  however,  that  the  water, 
even  after  the  moil  careful  filtration,  ftill  retains 
a  ftrong  bituminous  fmell ;  yet  nitrated  mercury 
oocafions  nft  preciptate  (vii.  p.) 

Tbdc  heterogeneous  matters  are  never  found  all 
H  3  together. 
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together,  but  are  more  or  lefs  numerous  in  differ* 
ent  waters.  Thus  fome  of  them  are  contained' 
in  atmofpheric  waters ;  others  in  thofe  found  on 
the  furface  of  the  earth }  and,  finally,  others  ia 
fca-water» 

Snow-water  contains  a  fmall  quantity  of  £dited 
lime,  together  with  fome  flight  vefliges  of  nitrooa 
acid;  this  water,  when  newly  melted,  is  totally 
void  both  of  air  and  of  the  aerial  acid  ;  fubflances 
which  are  found,  in  greater  or  lefs  quantity,  in 
almoft  all  other  waters : — and  hence  it  is,  pef- 
haps,  that  ihow-water  is  noxious  to  animals. 

Rain-water  is  generally  contaminated  with  the 
fame  fubflances  as  the  fbrmer;  but  in  greater 
quantity :  it  is  obvious  that  thefe  waters,  while 
fufpended  in  the  air,  muft  collefl  and  abforb  the 
various  heterogeneous  matters  with  which  the  at- 
niofphere  abounds,  and  therefore  can  never  be  ob- 
tained pure*  Immediately  after  long- continued 
rain  or  &ow,  thefe  waters  are  found  leaft  lo^ed 
with  heterogeneous  matter. 

Spring-water^  when  of  the  purcft  kind,  con* 
tains  but  little  heterogeneous  matter,  otherwife 
we  find  in  it  aerated  lime,  falited  lime,  common 
fdXtj  and  fometimes  a  fmall  quantity  of  alkafiv— « 
Thofe  fprings  which  are  called  mineral  alfo  con* 
tain  gypfum,  aerated  and  vitriolated  magnefiat 
vitriol,  aerated  iron,  &c. 

Efver-waters  are  often  fo  much  purified  by 
l^ieir  motion  as  to  contain  nothing  more  than  ae- 

wtc4 
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rated  lime,  common  iait,  and  fometimes  a  little 
alkalu  Thefe  are  generally  lighter  than  fpring- 
craters,  and  the  more  pure,  in  proportion  to  the 
xaindity  of  their  courfe,  and  the  hardnefs  of  the 
bottom  over  which  they  run. 

ff^eU'fwaters^  befides  a  large  quantity  of  the 
above-mentioned  fubitances,  often  afford  gypfum 
and  nitre. 

Lake^waters  are  left  dear  than  any  of  the  for- 
mer, they  are  alfo  heavier,  and  depofit  fpontane- 
oufly  fome  earthy  fediment ;  they  fometimes  con- 
tain an  the  fubftances  above  recited ;  and  befides, 
are  generally  vitiated  by  an  animal  or  vegetable 
cztraO. 

Marfi-waters  have  lefe  motion,  and  therefore 
are  lels  dear,  more  heavy,  and  more  vitiated  by 
cxtra^ve  matter;  hence  they  generally  exhibit 
ibmewhat  of  a  yellowifh  brown  colour. 

Sea-water  contains  commcm  fait,  vitriolated 
and  iaiited  magnefia,  gypfum,  and  a  confiderablo 
quantity  of  the  putrid  extrad:,  which  is  generated 
pardy  from  the  innumerable  crowd  of  animals 
which  there  live,  die,  and  are  decompofed ;  and 
partly  is  there  colleded  by  falling  into  it  from  the 
earth* 

In  examining  the  produ£h  of  fubterraneous  fire, 
i  have  particularly  enquired  whence  thefe  hetero- 
geneous matters,  and  the  different  degrees  of 
heat  in  ^ters,  are  derived. 

H4  St. 
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§  V.  ff^ater  may  be  examined  in  two  different 
waysy  by  Precipitants^  or  by  Evaporation.    . 

Wc  attain  the  knowledge  of  the  heterogeneoas 
matters  in  water  chiefly  by  two  metho4st  py  prc- 
cipitants,  and  by  evaporation.  Precipitants  are 
fubllances  which,  on  being  added  to  waters,  ei« 
ther  immediately,  or  after  fome  fliort  time,  by 
altering  their  colour,  or  diilurbing  their  traQ^** 
rency,  (hew  the  heterogeneous  matters  they  con* 
tain.  Thefe,  for  the  purpofe  of  expedition,  arc 
very  commodious ;  but  they  do  not  afford  an  ac« 
curate  decifion,  efpecially  when  the  queftioa  is 
concerning  quantity.  The  weight  of  the  predpt'' 
tate  may  often,  indeed,  b^  of  confiderable  ufe 
even  in  that  view,  as  (ball  prefently  be  fliewOi 
though  it  has  not  yet  been  (Employed  for  that  pur- 
pofe. 

The  other  method  confifts  in  feparating  th^ 
contents  by  evaporation  and  cryftalli^ation. 

When  there  is  time  fuflicient,  and  we  wifh  to 
examine  a  water  very  accurately,  both  thefe  me* 
thods  ihould  be  employed,  as  they  refle&  mutual 
light  upon  each  other,  and  the  precipitants  in£« 
cate  the  proper  method  of  conduding  the  cvapo* 
ration. 

Finally,  in  order  to  form  a  right  judgement,  we 
^luft  confirm  our  analyfis  by  fynthefis*  For  this 
purpofe  the  pureft  Ihow*water,  gently  diftilled, 

and 
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iead  ftctd  from  empyreuma  by  ftanding  in  the 
open  air,  fhould  be  employed ;  and  When  tbe  he* 
terogeneous  matters  which  have  been  difcovered 
are  added  in  due  proportion,  the  artificial  water 
ihould  be  precifely  like  the  natural  in  every  cir* 
cumilance. 


$  VI.    The  Phyjical  Qualities  to  be  obferved. 

In  forming  a  judgement  of  the  nature  of  wa« 
fers,  their  fenfibte  qualities  aJford  no  inconfider* 
able  affiftance. 

(a)  The  fight  is  capable  of  afcertainmg  many 
circumftances  of  confequence. 

A  clearnefs  equal  to  that  of  cryftal  indicates 
great  purity.  On  the  cohtrary,  muddinefs,  and 
a  brown  colour  fliew  plainly  that  heterogeneous 
matters  are  fo  grofsly  mixed  with  the  water  as  to 
cbftruQ  the  paflage  of  the  rays  of  tight.  When 
the  bottom  is  clay  or  mud,  the  water  is  never 
perfefUy  clear ;  but  when  it  runs  over  (and  it  is 
in  general  extremely  tranfparent. 

Good  water  is  entirely  without  colour,  but  it 
does  not  thence  follow  that  all  colourlefe  water  is 
to  be  confidered  as  good.  A  brown  colour,  ver- 
ging to  red  or  yellow,  is  found  in  duH  ftagnant 
waters ;  it  is  fometimes  occafioned  by  iron,  fome« 
^mes  by  putrid  extradive  matter,  and  fometimes, 
perhaps  I  is  derived  from  foxne  un^uous  fubftance. 
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*-*-»A  blue  colour  indicates  vitriol  of  copper;  a 
green,  martial  vitriol,  &c. 

If  the  water,  upon  agitation,  emits  a  number 
of  airy  bubbles,  a  quantity  of  aerial  acid  is  indi- 
cated. 

(b)  Good  water  has  no  fmelL -^Such  as  a* 
bounds  with  the  aerial  acid  diffufes  a  fubtile  and 
penetrating  odour ;  fuch  as  contains  any  portion 
of  hepar  fulphuris  yields  a  fmell  refembling  that  of 
putrid  eggs  or  fired  gunpowder. — Stagnant  and 
corrupted  waters  have  a  putrid  offenfive  fmell. 

(c)  Water  is  the  better,  in  proportion  as  it  is 
the  more  completely  void  of  tafte ;  yet  a  palate 
which  is  delicate,  and  accuftomed  to  the  tafte  of 
waters,  will  difcover  fome  difference  even  among 
the  pureil.— ^Aerial  acid  occafions  a  gently  pun- 
gent acefcent  tafte;  — a  bittemefs  ac^rompspnies 
Glauber's  fait,  nitre,  vitriolated,  nitrated,  or  la- 
lited  magnefia ;  as  alfo  nitrated  or  falited  lime }— ^ 
9  flight  aufterity  proceeds  from  lime  or  gypfum— 
a  fweet  aftringency  from  alum— a  (altilhnefs  from 
common  (alt— -a  lixivious  flavour  frpm  alkali — 
an  apruginous  one  from  copper— and  an  inky  one 
from  iron. 

(p)  ITie  fpecific  gravity  lays  in  fome  degree  a 
foundation  for  eftimating  the  quantity  of  hetero- 
geneous matters  contained  in  water ;  but  cannot 
?Jways  determine  the  matter  with  accuracy  j  be- 
caufe,  in  fome  inltances  at  leafl,  a  mutual  pene« 
tration  ml^y  take  place. 

It 
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Itb,  however,  in  general  true^  that  the  lighter 

waters  are  more  pure  than  the  heavier ;  and  for 

determining  this  point  an  hydroftatic  balance,  and 

a  good  aerometer,  are  peculiarly  convenient :  but 

if  thefe  inftruments  are  not  to  be  had,  an  ordi-^ 

nary  balance  may  be  fo  managed  as  to  compare 

the  weight  of  diftilled,  or  very  pure  (how-water, 

^nth  that  of  other  waters ;  this  is  done  by  means 

of  a  glals  veflel  with  a  narrow  neck,  which  is  to 

be  filled  with  water  to  a  certain  mark,  and  cx2&^ 

ly  Weighed.    The  larger  this  veffel  is  the  better— » 

but  <me  containing  a  quadrans  (k)  or  two,  is  ge« 

ncrally  fufficient;  for  greater  quantities  require 

l^ge  weights,  which  are  lels  accurate. 

Finally,  in  whatever  way  thefe  experiments  are 
loade,  the  waters  compared  muft  be  of  the  fame 
temperature,  otherwife  the  conclufion  will  necef« 
^ly  be  fallacious. 

(e)  In  the  examination  of  waters,  the  temper 
'^ture  fhould  be  determined  by  an  accurate  ther« 
iK^meter,  an4  the  following  particulars  obferved : 
"^^hcther  the  temperature  of  the  water  undec 
examination  is'  the  fame  throughout  the  year,  or 
^l^ccher  it  follows  the  changes  of  the  atmo- 
^Hcre-^whether  it  freezes  in  winter— whether 
^^  hot  waters  form  any  dcpofition  during  refri- 
S^ration — and  whether,  in  confequence  of  cool* 

(i)  The  Kanne  contains  8  quadramesj  of  which  each 
^^^lUios  lat  Sriredifh  ii^chcs. 

ing. 
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ing,  their  fmell  and  tafte  grow  faint,  or  eottrdy 
difappear. 

(f)  Local  circumftances  are  by  no  means  to  Inr 
ncgle£ted ;  to  thcfe  belong  the  fituatton  of  the:r 
water,  with  rcfped  to  its  geography  both  political 
and  natural,  and  the  elevation  and  properties  of 
the  furrounding  foil.    The  quantity  of  the  water 
ihould  alfo  be  obferved — ^whether  it  remains  the 
fame  at  all  feafons  of  the  year,  or  is  obvioufly  de* 
pendent  upon  dry  weather  and  rain— whether  it 
is  ftagnant— whether  it  runs  fwiftly  or  flowly— 
what  quantity  flows  from  the  fpring  in  a  givea 
fpace  of  time — how  many  veins  the  fpring  confifii 
of,  &c. 

Whether  the  water  depofits  in  its  bed  a  (aline, 
an  earthy,  an  aeruginous,  or  an  ochry  fedimeat 
— ^-whether  bodies  lying  in  it  are  covered  with  a 
cruft — ^whether  faline  efflorcfcences  are  to  be  found 
in  its  neighbourhood — ^whether,  in  the  channels 
and  caverns  through  which  it  pafles,  fulphur  is  fub*: 
limed — ^whether  it  iffues  gently,  or  burfts  forth 
with  a  fort  of  ebullition,  &c. 

It  is  alfo  proper  to  obferve  whether,  any  vpge- 
tables  grow  in  the  water,  and  what*— and  whe^ 
any  animalculas  live  in  it* 

§  V I  r .     The  Principal  Precipitants. 

(a)  Tindure  of  Turtifole  is  obtsuned  from  die 
pigment  called  lakmus,  enclofed  in  a  clean  linen 

dotbf 
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doth,  and  fteepcd  in  difliUcd  wttter.  This  W2^cif 
fi3on  afiumes  a  bhie  colour ;  but,  when  viewed  a« 
gainft  the  light,  it  fliews  a  violet  tinge.  If  wateif 
be  graduatty  added,  the  reddifli^  tinge  Is  diminifh-^ 
ed,  and  at  laft  entirely  diiappears.  This  tmo^ 
tnre  is  capable  <^  deteSing  the  moft  minute  par** 
tide  of  difengaged  acid,  by  inftantly  growiti^ 
red.  A  fingle  grain  of  highly  concentrated  vi« 
triolic  add  communicates  a  vifible  red  tinge  to 
J7*>3oo  grains  (/),  or  408  cubic  inches,  *cf  thi 
blue  tinfhire. 

In  thefe  exipertments  the  iame  ghi(s  Vefiel,  or  at 
lesiftVeflds  nearly  fimilar,  flioiild  always  bcem'i 
l^loycd ;  for  a  fmall  difference  in  the  diameter  of 
the  containing  veflel  ^ill  occafion  a  difierence  iii 
Ac  colour  of  the  tinfture,  when  viewed  iirtth  the . 
fays  of  light  paiEng  through  it :— The  vcffirl  whicH 
I  make  ufe  of  in  thefe  experiments  is  cyKndrical^ 
and  17  dedmal  (m)  lines  in  diameter. 

Paper  tinged  by  faturated  ttnOtire  of  turft- 
fole^  with  a  little  ftarch  boiled  in  it,  is  in  certain 
cafes  more  readily  changed ; — a  paper  thils  prepa- 
red, dipped  into  diftilled  water  containing  12 
grains  of  highly  concentrated  vitriolic  add  to  the 
kanne,  ^and'ihftantly  taken  out,  is  found  to  bi 

(/)  The  Swediik  apothecaries  pound  confifts  of  12  ouncetf 
aad  each  pimcf  pf  480  grains. 

(m)  The  Swediih  foot  confifti  of  co  Inches,  and  each  incl< 
^  f  9  lines*  .  ;  '  , 

red 
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•  ^i^cd-rand  this  fame  paper,  after  being  made  rcA 
by  diftilled  vinegar,  ferves  to  difcovcr  alkalis,  h^ 
recovering  its  blue  colour  more  or  lefs  complete- 
ly. The  prefence  of  an  alkali  may,  to  a  certain 
degree,  be  difcovered  by  mieans  of  the  blue  papfc- 
—its  blue  colour  being  heightened  by  the  alkali 
Diftilled  water,  containing  40  grains  of  cryftalL^ 
zed  fal  fodae  to  the  kanne,  reftores  the  blue  co< 
lour  to  the  paper  reddened  by  vinegar,  and  a 
much  lefs  qua.ntity  of  alkali  renders  the  red  colour 
obfcure. 

Wc  muft  not,  however,  be  without  the  tindurc 
itfelfy  as  being  more  fenfible  than  the  paper.  ThuS| 
water  faturated  with  aerial  acid,  dpf^s-  not  change 
the  colour  of  the  paper ;  yet  one  part  of  fuch  wa- 
ter makes  about  50  parts  of  the  tindure  diftinfUy 
red.  Nearly  the  fame  effeft  is  produced  by  a 
fingle  grain  of  highly  concentrated  vitriolic  acidi 
mixed  with  3,445  grains  of  diftilled  water ;  there- 
fore, fuppofmg  the  fpecific  gravities  of  diftilled 
water,  concentrated  vitriolic  acid,  and  aerial  acid) 
to  be,  refpeftively,  as  1,  2,  and  0,0018,  wc  can 
in  fome  meafure  compare  the  forces  of  thefe  acids; 
for,  upon  calculation,  they  are  found  to  be  in  c- 
qual  weights,  as  3,445  to  555,  or  as  64  to  1— 
and  in  equal  bulk  as  6,890  to  i. 

(b)  The  watery  tinCture  of  Brajil  "wood  is 
red,  but  readily  takes  a  blue  colour  from  alkalis; 
paper  fteeped  in  this  tin&ure,  with  a  little  ftarcb 
boiled  in  it,  is  alfo  red,  and  is  equally  fit  for  ttft 

prcfcnt 
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•prcfent  purpofe;  we  may  therefore  difpenfc  with 
tlie  ttAdui^)  the  application  of  which  is  more  trou- 
blefome.  One  grain  of  Mwly  cryftaDized  fal  fo« 
dae,  diflblved  in  4,19  j;  grains  of  water,  or  (which 
is  the  faifte)  i  a  grains  in  a  kanne,  changes  the  red 
colouv  of  this  paper  to  a  blue,  faint  indeed,  but 
caiily  diftingtiifliable ;  nay,  an  experienced  eye  will 
perceive  the  change,  even  though  there  be  no 
more  than  fix  grains  tb  a  kanne. 

Acids^  induce  a  yellow  colour  upon  paper  tinged 
"by  Brazil  wood,  and  reftore  immediately  the  ori- 
ginal red  colour  to  the  paper  which  has  been  made 
blue  by  alkalis. 

(c)  IVatery  tinClme  of  turmeric  is  mote  » 
lefs  changed  to  a  brown  by  alkalis :  paper  tinged, 
as  in  the  former  cafe,  by  this  tinfture  and  ftarch^ 
poflefies  the  fame  property  ^th  the  foregoing ;  fo 
that  the  tiri6:ure  may  be  difpenfed  with;  -A  fiafigle 
grain  of  newly  cryftalliz6d  fid  fodas,  diflblvfed  in 
^59  V^^^^  of  diftillcd  water,'  commuhicates  to  it 
the  property  of  manifcftly  obfciiring  the  yellow  co- 
lour of  the  paper  :  hence  a  kanne  of  water  will 
not  produce  the  lame  cffcft,  unlefs  it  contains  49 
grains  of  that  alkali — acids  render  the  yellow  co- 
lour fomcwhat  palfr — volatile  alkali  produces  chan- 
ges upon  all  thetb  papers,  but  thefe  changes  are 
very  fugitive. 

All  thefe  prccipitants  may  be  advantageoufly 
employed ;  the  firft,  chiefly  for  difcovering  acids, 
and  the  two  laft  for  alkalis;   it  1%  true,  indeed, 

that 
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that  the  blue  of  the  tumfole,  when  changed  to  a 
ivd  by  acidsy  may  ferve  to  difcover  alkalis^  fo  that 
the  papers  tinged  l^  turmeric  and  Brazil  wood 
may  icem  unnccei£try ;— -but  we  muft  obferre  thtt 
the  latter  of  diefe  two  exceeds  all  other  teils  io. 
fenfibility,  fo  as  even  to* difcover  certain  earths  ^t» 
blTed  in  water  by  means  of  aerial  acid^  fudi  as 
terra  ponderola^  litne^.  and  ^magnofia.  ,  AstollHS 
former,  it  is  indepd  more  flow;,  but  by  .this  verf 
flomifrs  it  in4icat6§:  in^  fome  deg^e.  the  relative 
quantity ;  and  befides,  when  it  is  nece^ary  to  ok 
ferve  the  change  <^  colour  occaiionc4  by  alkalis ' 
by  candle-light,  the  effcd  upon  turmeric  is  more 
idiftiiigmfh:(bie. 

.  ■  Synip  of  viQktt,  ttcrefiore,  is  by  jio  means  nc- 
ccSbxjj.  efpeciiliy .  a^  lA,  we  can  feldom  have 
any  gienuJM,  atjeaft  4n  Sweden;  od,  this  fyrup 
fpontaneogfly  acquires  a  red  colour  by  fernlenti^ 
tion;.  and,  3d,  ijtis  rendered  green  not  only  by 
alkalis,  but  by  iroa;  which  renders  any  condil* 
£on  drawn  from  thence  ambiguous  (n), 

(/!r)  It  may  be  doubted  whether  the  reafons  here  alled«i 
gcd  are  fufficient  to  juftify  the  learned  ProfclTor  in  cxpd^ 
ling  fo  contenfkptuotifly  fyrup  of  Tiolets  from  the  pkce  tliiC 
it  hai^  fo  long  held  in  the  clafs  of  reagents*  For,  til,  m 
are  taught  by  chemical  writers  how  to  diftipguifli  the  ge^ 
nuine  from  the  fpurtous  fyrup,  viz.-  by  folution  of  conxH 
five  fublimate«  which  changes  the  former  to  a  green,  whili 
it  reddens  the  latter.  2.  It  is  not  eafy'  to  be  mifled  by  tU 
alteration  produced  by  the  fpoiitatie^t  inrmcntaftioii,  be* 
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The  general  rule,  namely.  That  blue  vegetable 
|iaices  are  made  red  by  acids,  and  green  by  alka^^ 
fiis,  it  liable  to  two  exceptions  already  known,  viz. 
Vakmns  is  rendered  more  intenfely  blue  by  alkalis, 
and  indigo  diflblves  in  vitriolic  acid,  without  any 
diange  of  colour.   The  blue  juices  of  different  ve- 
getables are  unequally  affeded  by  acids  and  alka- 
%s;  1  drcumftance  which  demands  a  feries  of  ex^ 
pcriments,  in  order  to  afcertain  the  relative  power 
of  thefe  iaks.    Pure  aerial  acid  does  not  exert  its 
povtr,  except  upon  tinfhire  of  tumfole ;— *^diftiU 
ied  vinegar  changes  fyrup  of  violets,  but  has  no 
cScft  upon  the  blue  paper  ufed  for  covering  fugar- 
loafes,  which  yet  is  made  red  by  the  ftronger 
adds;  and  fo  of  the  reft— Befides,  determined 


«»le  the  cxperimcDtcr  cannot  fell  to  |)crccivc  that  beforc- 
^ttd*  5.  He  who  has  once  compared  the  green  produced 
^  mm  with  that  produced  by  alkalisy  will  eafily  be  en« 
>Ucd  to  diftinguilh  them  on  every  future  occafion  ;  the  lat- 
lerbciiig  a  lively  and  pleafant  tinge,  the  former  a  yellow- 
**  firty  hue.  4.  **  When  certainty,"  lays  M.  de  Mor- 
*^  **  can  only  be  attained  by  the  coincidence  of  many 
"^i^  this  additional  inftrument,  which  in  fome  cafes 
^^  properties  different  from  other  analogous  reagents, 
•■gkt  not  to  be  entirely  thrown  afide." 

**  11  Neoman  and  the  Count  de  Saluces,"  adds  the 
^  judicious  annotator,  **  have  obferved  that  fymp  of 
^'^kts  pafles  from  green  to  yellow  when  the  alteration 
hi  been  made  by  alkaline  liquors,  but  continues  green 
^  the  change  has  been  produced  by  neutral  falu." 
*ni.deTarin.    B. 

*  Vou  I.  I  weights 
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weights  of  vitriolic  acid  and  of  alkali  fhould  bc 
fucceflively  mixed  with  different  quantities  of  wa- 
ter, and  their  various  effefts  upon  the  vegetable 
juices  accurately  rioted.  Thus,  from  a  compari* 
Ion  of  their  effefts,  the  quantities  of  acids  and  al- 
kalis, which  are  at  prefent  unknown,  might  in 
fome  degree  be  determined.  But  this  ufeful  in* 
veftigation  requires  a  long  train  of  experiments. 

(d)  a  faturatf.d  tindure^  extraded  by  fjririt 
of  wine  from  powdered  galls :  the  watery  tindure 
may  alfo  be  employed  but  it  foon  grows  mouldyt 
—By  this  tindure  iron  is  difcovered,  being  flovly 
precipitated  :— if  the  quantity  of  metal  be  finaHi 
the  precipitate  is  purple;  if  large,  black.  Kt 
tilled  water,  containing  three  grains  of  cryftalliz* 
ed  martial  vitriol  in  the  kanne,  upon  the  addition 
of  a  fmgle  drop  of  this  tindure,  grows  dUUndly 
purple  in  lefs  than  five  minutes.  Yet  three  gniitt 
of  martial  vitriol  contain  no  more  than  Vt  8^ 
of  iron. 

(k)  The  phlogifiicated  alkali^  as  it  is  com- 
monly called,  is  beft  prepared  from  four  parti  of 
Pruflian  blue,  boiled  with  one  part  of  alkali  in  i 
fufficient  quantity  of  water.  The  clear  liquory  6- 
turated  with  an  acid,  muft  then  be  freed  by  fl* 
tracion  from  the  fmall  portion  of  Pruflian  Hoc 
-  which  is  feparated. — ^This  preparation  is  extremdy 
well  adapted  tor  difcovering  the  fmallcft  portion 
of  iron.  Diililled  water,  containing  in  the  kagBB 
one,  or  at  moft  two  grains  of  green  vitric^  ' 

.  i 
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dicadifitum  of  a  fingle  drop  of  this  Ibdvium  in« 
fiand^  (hews  a  PrafHan  blue. — ^It  aUb  precipitated 
otbcr  metals; — copper  it  predpitates  of  a  reddiih 
bioim  coloiir-Hiiangaiiefe,  white ;  and  fo  of  the 
left* 

(f)  Qmtentrated  vitriolic  acid  dropped  in 
%ater  unmcdiately  precipitates  a  fpathum  ponde^ 
tofiim,  if  (whidh  rarely  happens)  there  be  prefent 
anytcrraponderofa  (iv.)  The  appearance  of  a 
mimber  erf  bubbles  (hews  whether  there  be  any 
€imfidcrable  portion  of  alkaline  fait,  lime,  or  mag* 
ne&t^  diffi>lved  by  the  aerial  acid. — In  order  to 
occafioQ  a  fenfible  effervefcence  there  fliould  be  at 
Icaft  390  grains  of  newly  cryftallized  lal  fodas  in  a 
luBune,  a  quantity  which  however  is  not  afie£ted 
^  ftnmg  marine  acid.  The  other  mineral  acids 
^  be  employed  for  the  fame  purpofe  ;  but  the 
c&ds  of  thefe  will  be  always  lefs  remarkable,  as 
^  are  leis  fufceptible  of  concentration  to  fo 
peat  a  degree  as  the  vitriolic  acid.— The  conccn- 
•ratcd  nitrous  acid  is  however  very  ufeful  for  dif. 
^OTtring  fulphur  in  the  hot  waters  which  have  an 
^»tic  fmell— for  this  acid,  fcizing  the  phlogi* 
ftoo,  precipitates  the  fulphur  which,  by  its  means, 
^  united  to  the  matter  of  heat,  though  the  fuU 
pMOr  fo  combined  is  able  to  elude  all  the  ordinary 
^'^^  of  examination; — concentrated  nitrous 
^^  added  in  proper  quantity,  foon  takes  away 
"^  hepatic  fincU,  thereby  indicating  a  dccompofi- 
I  a  tion. 
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tion,  and  the  fulphur,  fubtilely  dividedy  falls  flow- 
ly  to  the  bottom. 

(g)  The  acid  offugar  is  one  of  the  mod  de- 
licate tefls  hitherto  known  for  the  difcoveryof 
lime,  however  mixed.  A  fmgle  grain  of  pure 
lime  diflblved  in  a  kanne  of  diftilled  water,  (hews 
white  clouds  and  ftrias,  if  a  fmall  portion  of  cry 
ftallized  acid  of  fugar  be  laid  on  the  furface,  or 
diflblved  and  dropped  in. 

If  the  lime  be  in  a  ftill  fmaller  quantity,  and  the 
moft  minute  cryftal  of  faccharine  acid  let  fall  to 
the  bottom,  in  a  fhort  time  a  fort  of  powder,  con- 
fifting  of  laccharated  lime,  is  found  about  the 
fpot  where  the  cryftal  falls.  Scarce  any  water  is 
entirely  firee  from  lime ;  and  the  pureft,  withia 
twenty-four  hours  at  leaft,  depofits  a  portion  of 
faccharated  lime,  although  fometimes  fo  fparingly 
as  to  efcape  obfervation,  unlefs  lines  be  drawn  on 
the  bottom  of  the  veflel  with  a  glafs  rod.—- Sodi 
is  the  water  of  Varby,  which  is  juftly  enumerated 
among  the  beft  waters  in  Sweden. 

Ejftntial  fait  of  wood-forrelj  and  the  imov- 
cofmic  falt^  alfo  precipitate  lime  ;  but  more 
(lowly  and  lels  effe&ually  than  the  acid  of  fugar 
does. 

(h)  ^crated  fixed  alkali  precipitates  all  earths 
and  metals  from  their  folutions :  if  the  fubftance 
to  be  precipitated  is  eafily  foluble  in  the  aerial 
acid,  the  cauftic  alkali  in  general  effe£b  a  more 
remarkable  feparation— generally,  I  fay,  for  tlus 

if 


OF  THE  ANALYSIS  OF  WATERS.        133 

is  not  always  the  cafe ;  for  terra  ponderofa  is  not 
predpitated  by  that  alkalL— If  there  happens  to 
be  preient  a  difengaged  mineral  acid,  every  par* 
tide  of  the  aerated  alkali  emits  bubbles. 

(1)  Aerated  volatile  alkali  precipitates  all 
earths  and  metals ;  but  cauftic  volatile  alkali  has 
no  effeft  on  lime  or  terra  ponderofa.  Diftilled 
water,  oontsdning  98  grains  of  vitriol  of  copper  to 
the  kanne,  is  fcarccly  blue.  If  in  the  fame  quan- 
tity  of  water  there  be  only  64-  grains,  the  copper 
is  diftindly  precipitated  on  poliflied  iron ;  but  a 
few  drops  of  folution  of  volatile  alkali  only  occa- 
fions  a  cloud,  which  is  fcarcely  vifible.  This 
doud,  if  the  vitriol  be  in  larger  quantity,  foon 
changes  from  an  afh  colour  to  a  blue ;  and,  when 
weUdiffufed  by  agitation,  communicates  to  the 
water  a  faint  and  duiky  tinge.  If  the  volatile  al- 
kali be  fuperabundant,  all  the  precipitated  copper 
is  re-diflblved  with  a  moft  beautiful  azure  colour  ; 
for  the  quantity  of  this  metal  which  is  contained 
in  four  grains  of  blue  vitriol,  is  fufficient  to  give 
a  vifible  tinge  to  a  whole  kanne  of  water,  if  the 
copper  be  precipitated  by  a  proper  quantity  of  vo- 
latile alkali,  and  afterwards  re-diflblved  by  a  fu« 
perabundance  of  the  fame  alkali. 

(k)  Lime-water  dropped  into  water  which 
cont^ns  any  aerial  acid,  renders  it  inflandy  tur- 
bid ;  becaufe  that  portion  of  the  lime  which  is  fa- 
tarated  by  that  fubtile  acid  lofes  its  folubility. 

^l)  Salited  terra  ponderofa  is  of  confiderable 
I  3  Ufa 
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ufc  in  difcovcring  the  fmallcft  veftigc  of  vitriolic 
acid,  with  whatever  menftruum  it  may  be  united; 
for  this  acid  feparatcs  terra  ponderola  from  aB 
others,  forming  with  it  a  f^athum  ponderofum,, 
fcarccly  any  of  which  water  is  able  to  take  up. 
Diftilled  water,  containing  12  grains  of  newly 
cryftallized  Glauber's  fait  to  the  kanne,  on  tbd 
addition  of  a  few  drops  of  folution  of  falited  terra 
ponderofa,  immediately  exhibits  white  ftriap-— Jf 
there  be  prefent  no  more  than  three  grains  of  th<^ 
Glauber's  fait,  after  a  few  minutes  a  cloud  forms 
at  the  bottom,  which  alfo  happens  even  when 
there  is  but  one  grain  in  the  kanne  ;  but  in  this 
cafe  the  water  mud  (land  fome  hours  before  thij 
cloud  becomes  vifible.  Now,  that  we  may  the 
better  judge  how  great  the  nicety  of  this  predp* 
tant  is,  let  us  confider  that  12  grains,  3  grains, 
and  I  grain  of  Glauber's  fait,  contain  refpedively 
no  more  than  3,  0,78,  and  0,26  grains  of  vitriov 
lie  acid ;  fo  that  this  fubflance  exceeds  turnible  it- 
felf  in  fenfibility. 

(m)  Salited  lime  is  generally  confidered  as  a 
ufeful  medium  for  difcovering  fixed  alkali,  for 
the  aerated  lime  feparatcs,  and  falls  to  the  bot- 
tom ;  but  this  experiment  is  ambiguous,  bc-» 
caufe,  if  any  vitriolated  magncfia  be  prefent,  2^ 
double  dccomppfition  takes  place,  and  a  gypfumii 
formed. 

(  N  )  Solution  of  alum  has  fometimes  been  em* 
ployed^  but  is  of  little  ufe,  s^s  it  is  decompofed  by 

^IkaljSi 
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alksilisy  ekher  fixed  or  volatile,  and  by  aerated,  fa« 
litedy  or  nitrated  lime.  If  a  piece  of  alum,  the 
bulk  of  a  fmall  pea,  be  put  into  the  v^ater  under 
examination,  in  a  quarter  of  an  hour  a  fpungy  ftra-^ 
turn  is  obferved,  horizontally  fufpended  near  the 
bottom :  however,  as  before  obferved,  the  caufe  of 
this  phasnomenon  is  uncertain,  unlefs  determined 
by  other  experiments. 

Seven  grains  of  alum  difTolved  in  a  kanne  of  wa« 
ter,  upon  the  addition  of  a  fmgle  drop  of  folutiom 
of  alkali,  either  mild  or  cauftic,  inilantjy  fhew  a 
manifeft  argillaceous  precipitate. 

(o)  Nitrated  /ilver  diffolved  in  diftilled  water 
affords  a  mod  complete  method  of  difcovering  the 
fmalleft  traces  of  marine  acid ;  for  this  acid,  whe- 
ther difimgaged  or  united  with  another  bafe,  in* 
ftantly  feizes  the  filver,  forming  with  it  a  metallic 
lalt  very  difficult  of  folution,  which  therefore  fe- 
parates  in  the  form  of  a  white  mucilage.  A  tingle 
grain  of  common  fait  di0blved  in  a  kanne  of  di- 
ftilled water,  at  the  firft  drop  of  folution  of  filver, 
e^diibits  white  ftriae,  which,  however,  are  not  pro^ 
duced,  if  the  water  contains  no  more  than  half  a 
grain — ^but  a  grain  of  common  fait  contains  about 
half  a  grain  of  marine  acid. — Solution  of  filver  is 
aded  upon  by  vitriolic  acid  far  more  flowly,  for 
no  vifible  turbidncfs  will  arife,  unlefs  the  kanne  of 
water  contains  98  grains  of  Glauber's  fait,  which 
contain  25  grains  of  vitriolic  acid.  Now,  fmce  the 
acid  conftitutes  one  fourth  of  falited  filver,  we  may 

I  4  determine 
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determine  the  quantity  of  marine  acid  from  Ac 
weight  of  the  precipitate  eflfefted  by  the  folution  of 
filver  when  the  precipitation  is  complete.— The 
quantity  of  acid  contained  in  vitriolated  filver  is  ve* 
ry  little  greater. 

If  any  hepar  be  prefent,  the  falited  filrer  wfaidi 
precipitates  is  of  a  lighter  or  darker  brown  colour. 
It  is  alfo  proper  to  obferve,  that  a  Angle  drop  of 
fblution  of  filver  occafions  a  vifible  precipitation  in 
water  altogether  deftitute  of  both  marine  and  vi- 
triolic acid,  provided  it  contains  12  grsuns  of  new* 
ly  cryftallized  fal  fodsc  to  the  kanne.  Lime  and 
magnefia,  united  with  aerial  acid,  in  like  manner 
precipitate  filver  :  but  the  quantities  have  not  yet 
been  exa£Uy  determined. 

(p)  Nitrated  mercury  is  to  be  employed  with 
great  circumfpefbion^  as  it  poflefies  different  pro- 
perties, according  to  the  circumftances  of  the  fi>- 
lution ;  for  if  the  folution  has  been  conduced 
without  heat,  very  little  phlogifton  is  loft,  and  the 
fait  eafily  cryflaUizes,  being  white,  and  fcaroely 
acrid.  This  is  precipitated,  by  cauftic  vegetable 
alkali,  of  a  yellowiih  white  i  by  the  fame  alkali^ 
faturated  with  aerial  acid,  white :  by  fal  fodas, 
yellow,  which  foon  grows  white  :  by  volatile  al- 
kali, grcyifli  black :  by  Glauber's  fait,  or  dtfen- 
gaged  vitriolic  acid,  white,  granulated,  and  ia 
fmall  quantity;  nor,  if  the  precipitant  has  been 
fparingly  ufed,  does  it  appear  in  lefs  than  an  hour: 
by  marine  acid;^  common  fait,  and  other  faline  fub- 

ftancei 
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ftances  containing  that  acid,  white,  in  large  quan« 
tity>  and  of  a  cafeous  confidence*  Solution  of 
mercury,  made  without  heat,  immediately  difco« 
vers  the  marine  acid,  even  although  there  be  no 
more  than  half  a  grain  of  common  lalt  in  a  kanne 
of  diftilled  water :  but  it  difcovers  vitriolic  acid 
more  flowly ;  for  about  four  grains  of  Glauber's 
(alt  (thzt  is,  one  grain  of  acid)  are  requifite  in  a 
kanne  6f  water,  in  order  to  occafion  a  vifible  pre* 
cipitation  with  the  fame  degree  of  quicknefi. 

When  neither  vitriolic  acid  nor  marine  acid  is 
prefent,  the  mercury  is  precipitated  by  alkalis  ^  as 
alfo  by  lime  or  magnefia  diflblved  by  means  of 
aerial  acid«-~A  fingle  drop  of  folution  of  mercury 
forms  vifible  clouds,  although  there  be  no  more 
than  fiix  grains  of  newly  cryftallized  ial  fodaef  in  a 
kanne  of  water. 

Solution  of  mercury,  made  by  long  continued 
bolting  in  fuperabundant  acid,  is  more  dephlogt* 
fficaled,  as  appears  from  the  red  vapours  which  it 
fiends  forth.  This  folution  cryftallizes  with  more 
difficulty,  and  has  a  very  acrid  tafte.  It  is  preci- 
pitated by  vegetable  alkali  of  a  brownifh  yellow, 
but  by  degrees  aflumes  a  paler  yellow  tinge;  and, 
if  the  alkali  be  fully  faturated  with  aerial  acid,  the 
precipitate  is  at  firft  of  a  brownifh  yellow,  but  af- 
terwards becomes  of  a  yellowifh  white.  A  brown- 
ifh yellow  powder  is  precipitated  by  fal  fodae ;  this 
powder  afterwards  grows  white.  The  precipitate 
9(cafioned  byvo^tile  alkali  is  whit?  3  that  by  vi- 
triolic 
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triolic  acid,  either  difeilgaged  or  united  with  any 
bafe,  yellow;  but  the  precipitate  immediately 
grows  white  upon  the  affufion  of  a  little  marine 
acid.  The  fmalleft  quantity  of  marine  acid,  cither 
difengaged  or  otherwife,  occafions  a  very  copious 
white  mucilaginous  precipitate.— 'A  blacknefs  in 
the  precipitate  indicates  either  the  prefence  lof  an 
hepar,  or  that  the  mercury  is  nearly  in  its  metallic 
ftate  (o). 

Mucilage 

{c)  It  fometimcs  happens,  not  only  that  the  precipitate 
is  blacky  but  that  there  appears  upon  the  furface  of  the  li-* 
quor  a  (hining  pellicle^  which  announces  a  fpecies  of  revi* 
^-ification.  When  it  is  confidered,  that  fuch  redu6!ion8  arc 
cfFefted  more  efpecially  by  the  volatile  alkali,  which  con- 
tains phlogifton  among  its  conftituent  parts,  it  would  feem 
certain,  that  the  precipitates  are  fo  much  the  more  colour* 
cdy  and  the  nearer  rcdudion,  as  the  liquor  itfelf  contains  or 
receives  from  the  precipitant  more  phlogiflon.  Profeffor 
Bergman  furnifhes  ah  additional  fadl  in  favour  of  this  opi- 
nion, when  he  obferves,  that  volatile  alkali  produces  a  pre- 
cipitate of  a  dark  grey  colour,  when  the  folution  has  been 
made  without  lofs  of  phlogifton  ;  and  of  a  white  colour, 
when  red  vapours  arife  during  folution.  He^  however,  e- 
ftablifties  here  an  oppofite  principle,  viz.  the  more  there  re- 
mains of  phlogifton  in  the  folution,  the  lefs  is  the  precipitate 
coloured.  Each,  therefore,  of  thefe  fyftems  is  inadequate 
to  the  explication  of  the  phscnomena.  We  want  fome  fur«^ 
ther  knowledge,  in  order  to  conciliate  them,  and  to  explain 
why,  for  inftance,  the  fame  folution  of  corrofive  fublimate 
is  precipitated  of  a  yellow  colour  by  lime-water,  and  of  a 
\vhite  by  cauftic  volatile  alkali. 

The  author's   obfervation  is,  notwithftanding,  not  left 

valuable  ; 
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Mucilage  is  alfo  precipitated  by  nitrated  mercu't^ 
ry :  thus  diftilled  water,  containing  three  grains  of 
cherry*gum  in  the  kanne,  on  the  addition  of  ni- 
trated mercury  inftantly  forms  white  clouds  and 
ilrise. 

(q.)  Corrofive  Jubltmate  is  alfo  in  ufe  for  the 
examination  of  waters,  efpecially  for  tlie  difcoverjr 
of  aerated  alkali.  If  a  kanne  of  diftilled  water 
contains  280  grains  of  newly  cryftallized  fal  fods, 
a  fingle  grain  of  faturated  foiution  of  corrofive  fub- 
limate  immediately  produces  a  reddifh  powder ;  a 
finall  piece  of  the  fublimate  itfelf,  added  to  the  wa-» 
tcr,  difcovcrs  alkali,  even  better  than  the  foiution. 
f— The  caufc  of  the  rcdnefs  of  this  precipitate  is 
explained  elfcwhere  (p). 

Both  lime  and  magnefia,  when  aerated,  by 
means  of  a  double  elective  attrafUon,  precipitate  a 
calx  of  mercury,  though  flowly. 

(r)  delated  lend  is  precipitated  in  the  form 
of  a  white  powder  by  the  marine  acid,  cither  dif- 

valuable  ;  it  may  enable  us  to  difcover  why  folutlons  of 
the  fame  metal,  in  the  fame  acid,  are  lefs  permanent ;  why 
folutions  of  metallic  calxes  are  Icfs  apt  to  form  depofitions, 
when  they  proceed  flowly,  &c.  Mr  Maret  has  already 
made  a  very  happy  application  of  this  obfervation,  by 
ihewing,  in  the  Dijon  courfe  of  ledlures,  that  his  procefs 
for  precipitating  iron  in  the  form  of  Etbiops  martial,  by 
cauitic  volatile  alkali,  never  fails,  but  when  a  nitrous  folu-> 
tion»  made  by  heat,  and  with  red  vapours,  ijs  employed* 
Morveau. 

(f)  Tr^atife  on  the  Aerial  Acid,  J  xxi. 

engaged 
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engaged  or  otherwife ;  and  this  new  combinatioi 
18  foluble  in  vinegar,  but  is  not  a  convenient  pre* 
cipitant,  becaufc  falited  lead  is  alfo  foluble  in  a 
large  quantity  of  water :  it  is  more  convenient  for 
difcovering  vitriolic  acid,  for  the  precipitate  or  vi* 
triol  of  lead,  which  is  in  the  form  of  fmall  grains, 
is  fcarcely  foluble  in  water,  or  even  in  vinegar. 
Diftiiled  water,  contsdning  118  grains  of  conunon 
fait  in  the  kanne,  (hews  ftrisc  fomewhat  nulky,  if  a 
fmall  piece  of  acetated  lead  be  laid  on  the  furface; 
upon  increafing  the  quantity  of  common  lalt,  the 
appearance  becomes  more  remarkable.  Nearly 
the  fame  weight  (115  grains)  of  Glauber's  fak  is 
requifite,  in  order  to  occafion  a  vifible  feparatioR 
of  vitriol  of  lead^-<ind  hence  it  would  appear, 
that  thefe  two  acids  are  almoft  equally  diicover- 
able  by  acetated  lead ;  but  we  muft  obferve,  that 
in  1 1 8  grsdns  of  common  fait,  the  acid  amounts 
to  about  60  gnuns;  whereas,,  in  115  grains  of 
Glauber's  fait,  the  acid  is  no  more  than  29!^— 
Now,  as  vitriolic  acid  forms  nearly  0,28  of  vi- 
triol of  lead,  we  may,  from  the  weight  of  the 
vitriol,  in  fome  degree  judge  of  the  quantity  of 
acid,  if  the  water  be  completely  precipitated  by 
the  acetated  lead.  However,  when  muriatic  acid 
is  prefent.  which  is  almoft  always  the  cafe,  the 
conclufion  is  rendered  inaccurate,  on  account  of 
the  much  greater  folubUity  of  falited  lead. 
Acetated  lead  feems  to  lofe  its  acid  fpont^eouf* 
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ly  by  age ;  for  a  piece  of  it^  when  old,  put  into 
water,  remains  infoluble  at  the  bottom. 

A  brown  or  black  fediment  indicates  the  pre« 
fence  of  fiilphur  in  a  ftate  of  foludon ;  alkalis, 
fime,  aad  magnefia,  diflblved  in  water  by  means 
of  aerial  acid,  alfo  precipitate  lead,  without  the 
preience  of  dther  marine  or  vitriolic  acid*  A  (ingle 
drop  of  folution  of  lead  exhibits  white  ftriae,  m 
water  containing  no  more  than  fix  grains  of  newly 
cryftalfized  fid  fodse  to  the  kanne. 

(s)  In  fome  cafes,  martial  vitriol  promifes  to 
be  of  ufe.  If  a  cryftal  of  this  (alt  be  put  into  an 
ounce  filial  filled  with  diftilled  water,  the  phial 
immediatdy  well  dofed,  and  (et  in  a  cool  place, 
the  vitribl  b  diifolved,  without  depofiting  any 
ochre,  unle(s  the  water  has  taken  up  pure  air, 
which  very  powerfully  attra£b  phlogifton,  and 
therefore  (eparates  a  portion  of  it  from  the  bafe  of 
the  vitriol  \  fo  that  the  bafe,  being  calcined,  re- 
quires more  add  than  before  to  fufpend  it ;  and 
if  the  defident  add  be  not  added,  the  iron  necef- 
iarily  falls  in  the  form  of  an  ochre.  The  (ame  is 
evi^ndy  feen,  when  the  precipitation  is  effeded 
by  means  of  an  alkali ;  for  the  fediment^  which  is 
at  firft  green,  prefcrves  its  colour  in  a  veilel  full 
and  perfedly  clofed,  provided  the  water  be  depri- 
ved of  air,  but  in  an  open  veflcl  it  (bon  changes 
to  a  ferrugitious  colour ;  becaufe,  even  though 
die  water  had  not  contamed  any  air,  the  external 
air  ads. upon  the  prodpitatc.    When  the  water 

does 
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does  not  contain  any  thing  capable  of  precipita^ 
ting  the  vitriol^  a  few  drops  of  alkaline  lixiviuni 
may  be  added  before  the  rcffel  is  fliut-;  but  if  the 
water  contains  air,  the  alkali  is  not  neceflary,  as 
the  bafe  of  the  vitriol  is  quickly  dephlogifticated} 
and  hence,  as  has  been  before  obferved,  the  fome 
quantity  of  acid  is  not  fufficient  to  diiTolve  it^  and 
confcquently  fome  ochre  is  depofited.  If  thext 
be  prefent  at  the  fame  time  a  conflderable  quan^ 
tity  of  aerial  acid,  the  ochre  is  rendered  whitc-*-^ 
The  quantity  of  ochre  ferves  in  fome  meafure  to 
determine  the  quantity  of  air  prefent* 

It  is  aMb  neceflary  to  obferve,  that  not  only^al" 
kalis,  but  alfo  lime  and  magnefia,  united  with 
aerial,  marine,  or  nitrous  air,  decompofe  mar** 
tial  vitriol,  although  a  precipitate  does  not  appeaif 
in  every  cafe  ;  for  marine  acid  holds  iron  fufpend- 
cd,  although  it  be  very  much  dcphlogifticatcd* 

(t)  ff^hite  arfenic  is  only  uleful  when  watcf 
is  more  or  Icfs  impregnated  with  hepatic  vapour^ 
but  does  not  contain  a  genuine  hepar  (x).  If  to 
fuch  water  a  fraall  piece  of  white  arfenic  be  add- 
ed, the  arfenic  grows  yellow  by  attrading  the 
fulphur,  and  is  thus  converted  into  orpiment. 

(u)  Soap  is  not  foluble  in  every  kind  of  water; 
this  is  occafioned  either  by  a  difengagcd  acid,  of 
by  a  large  proportion  of  middle  fait,  with  an 
earthy  or  metallic  bafe  ;  in  cither  cafe  a  decom* 
pofition  takes  place,  the  acid  unites  with  the  al- 
kali, and  the  oil  is  difengaged :  fuch  waters  as 

.   thcfc 
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thefe  are  generally  called  hard  waters^  and  arc 
unfit  for  walhmg  clothes,  as  alfo  for  bcnling  pulfe^ 
;ind  the  harder  kind$  of  flefli*. 

Diftilled  water  fcarcely  takes  up  O9I  its  own 
weight  of  foap,  and  that  imperfedly,  for  it  conr 
tra^  an  opal  colour ;  and  after  ibme  time  th^ 
foap,  which  had  been  fufpendcd^  falls  to  the  hot* 
torn  in  the  form  of  a  mucilage-  Spirit  of  wine 
ads  upon  foap  more  powerfully,  for  it  tji^  up 
more  than  4  its  own  weight,  after  which  it  admitt 
without  growing  turbid,  the  addition  of  diftil)e4 
water,  but  not  of  hard.  If  there  be  pre&nt  in  a 
kanne  of  water  but  8  grains  of  alum,  ialited  mag« 
nefia,  or  Ialited  lime,  a  fmgl^  drop  of  this  watep 
occafions  a  turbidnefs  in  folution  of  foap  in  alco- 
hol, diluted  with  an  equal  bulk  of  diftilled  watejr.^ 

(x)  Some  perfons  add  to  the  above-mentioned 
precipitants  hepar  fulphuris^  becaufe  it  is  decom- 
pofed  by  the  weakefl;  acid,  and  even  by  the  pUf^ 
reft  aerial  acid ;  however,  in  the  examination  of 
waters,  we  may  readily  difpenfe  with  \ty  as  wel 
as  with  falited  lime,  alum,  corrofive  fublimate,  ni* 
trated  mercury,  (at  leafl;  that  prepared  by  heat) 
and  acetated  lead  \ — ^the  fame  is  true  of  milk.  If 
to  hepar  fulphuris  a  fmall  quantity  of  vitriolic  acid 
be  added,  an  elaftic  vapour  is  immec^ely  gene- 
rated, with  which  water  may  be  impregnated  in 
the  lame  way  as  with  aerial  acid,  and  it  will  thcf 
poffefs  the  hepatic  odour  (viii.  e). 

(y)  AkohoLziiBA&d  in  fuffident  quantity  preci- 
pitates 
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pitates  all  the  falts  found  in  waters  which  are  info« 
luble  in  fpirit  of  wine.  Such  are  all  thofe  con- 
taming  vitriolic  acid,  but  thofe  confiding  of  ma* 
rine  or  nitrous  acid  are  generally  foluble,  but  re- 
quire different  quantities  of  fpirit  for  their  folu* 
tion  (q).  Here  it  may  be  ufefiil  to  remark,  that, 
according  to  experiments  which  I  have  made 
for  the  purpofe,  alcohol,  in  an  heat  of  15  degrees, 
can  take  up,  of  dry  nitrated  magnefia,  -rV  ^^'  ^^^"^ 
wdght;  of  dry  falited  magnefia,  7}  of  dry  ni- 
tnited  lime,  4^ ;  and  of  dry  falited  lime,  4- 

Befides  the  precipitants  already  mentioned,  ma- 
ny others  have  been  employed,  which,  I  imagine, 
we  may  pafs  over  untouched,  as  they  difcover  no 
more  than  thofe  already  propofed,  nor  are  they 
more  accurate.  Nor  indeed  is  it  neceffary  to  em« 
ploy  the  whole  of  the  fubftances  already  ezami^- 
ned :— it  is  true,  that  when  time  and  circumftan^ 
ces  permit,  even  fuperfluous  trials  are  not  impro- 
per, as  they  tend  to  confirm  one  another;  yet, 
for  the  mod  part,  a  few,  when  well  chofen,  are 
fufEdent  for  the  purpofe. — ^For  the  difcovery  of 
acids,  when  difengaged,  we  have  occafion  only 
for  the  tindiure  and  paper  of  tumfole; — ^whcn 
they  are  united  with  other  fubftances,  they  are 
cafily  difcovered  by  nitrated  filver  and  (alited  ter- 
ra ponderola ;— -uncombined  alkalis  are  deteded 
by  the  papers  tinged  with  Brazil-wood  and  tur- 

(f )  Vid.  M.  Macquer  Exp.  in  Comnu  Taurenfibus. 

mcric^ 
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mcric,  and  when  combined  with  acids  they  are 
difcovered  by  fpirit  oJF  wine.-^-Aerated  calcareous 
earths  are  precipitated  by  the  acid  of  fugar ;  and, 
when  thus  completely  fcparated,  that  fpecies  which 
can  afterwards  be  thrown  down  by  aerated  alkali 
is  ekher  magnefia  or  clay ;  the  former  of  which  dif- 
iblves  in  diftilled  vinegar,  with  eServcfcence,  while 
the  latter  is  taken  up  flowly,  and  without  any  effer^ 
▼efcence.— Metals  are  plainly  difcovered  by  phlogi- 
fticated  alkali,  but  thefe,  iron  only  excepted,  are 
rarely  found  in  waters ;  fo  that,  for  the  mod  part^ 
tindureof  galls  is  fufficient.-^If  terra  ponderofabe 
at  any  time  prefent,  it  is  difcovered  by  vitriolic 
acidw-^Saline  or  earthy  hepar  is  very  rarely  found 
in  the  natural  cold  waters,  but  may  be  eafily  dc- 
compofed  by  any  acid  whatever ;  and  when  the 
fulphur,  which  occafions  a  turbidnefs,  is  fepara- 
ted,  the  tranfparency  returns.  In  general,  water 
cootains  only  an  hepatic  vapour,  which,  though 
it  refembles  hepar  in  fmell,  is  not  decompofed  by 
the  addition  of  any  acid,  excepting  only  thofe 
which,  even  though  diluted,  powerfully  attrad 
phlogifton ; — of  this  kind  is  the  nitrous  acid.  Be- 
fides,  at  Aix  pure  air,  out  of  the  water,  feparates 
the  fulphur 'from  the  hepatic  vapour,  which,  in 
this  inftance,  is  not  confined  by  union  with  an  al* 
^     kali  (vi  II.  e). 

^        Finally,  precipitants  may  be  (employed,  not  on* 

'*    Ij  ^th  the  waters  newly  taken  from  the  fpring, 

\    but  after  (hey  have  been  reduced  by  evaporation 

Vol.  I.  K  to 
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to  a  ftnall  bulk.— If  it  be  only  ncceffary  to  dctef» 
mine  the  quality  of  heterogeneous  mattcrst  one 
or  two  cubic  inches  of  the  water,  and  a  few  dropi 
of  the  proper  precipitants,  will  fufEce ;  but  if  we 
defirc  alfo  to  know  the  weight  of  the  differeot 
fubftances,  large  quantities  of  water  muft  be  fub^ 
je£ted  to  experiment,  and  thefe  (hould  be  coa* 
duded  in  tranfparcnt  glafs  vefTels. 


§  VIII.     Metliod  ofcoHeding  the  heterogeneauf 
volatile  Matters. 

The  elaftic  vapours,  rcfembling  air,  which  zxt 
more  or  lets  abundant  in  waters,  have  occafioned 
confiderable  difficulty  in  the  examination  of  them) 
and  the  method  of  exafUy  colleding  thefe  vobdk 
fubftances  was  unknown  until  the  prefent  age: 
befidcs,  the  methods  at  firft  employed  (fuchat 
agitation  in  a  glafs  vcflel,  with  an  empty  bladder 
tied  to  its  neck ;  or  boiling  the  water,  and  coo- 
duping  the  vapour  into  a  veffel  filled  with  watOf 
and  inverted)  were  lame  and  iiriperfefl: )— for,  ID 
the  former  method,  the  whole  of  the  volatile  in* 
grcdicnt  can  fcarccly  be  elicited — ^and  in  the  bN 
ter,  no  fmall  part  of  that  which  is  extricated  if 
again  concealed,  being  abforbed  by  the  water 
through  which  it  paffcs. 

But  by  the  following  method,    that  wzpom^ 
cbmmonly  known  by  the  name  of  mineral  ffiti^ 
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tain  all  the  elaftic  fluid  extricated,  together  with 
the  portion  of  common  air  contained  in  the  retort 
above  the  furface  of  the  water ;-« its  capoKnty 
ought  therefore  to  be  fomewhat  greater  than  the 
fum  of  the  bulks  of  the  air  contained  in  die  re- 
tort, and  of  the  water  under  examination,  if  the 
water  be  faturated  with  elaftic  vapour  j  but  if  it  be 
common  water,  a  much  lefs  fize  will  fuffice. 

The  whole  apparatus  being  properly  prepared, 
iire  mud  be  applied,  and  continued  to  fiill  ebuUi- 
tion.  The  heat  penetrating  the  water,  octafions 
a  quantity  of  bubbles,  which,  increafing  as  die 
heat  increafes,  pais  through  the  mercury^  and  are 
eolle&ed  in  the  upper  part  of  the  veflel  d  £•  A 
few  minutes  boiling  will  not  indeed  be  fufficient  to 
expel  all  the  elaftic  fluid,  but  the  portion  remam- 
ing  will  be  very  fmall,  and  of  little  moment* 

After  this  procefs,  let  tKe  height  at  which  the 
mercury  ftands  in  the  inverted  veflel  be  noted, 
and  thus  we  ma)^  afcertain  the  fpace  appacendy 
empty,  in  cubic  meafure.  If  the  veflel  d  e  be 
cylindrical,  and  divided  into  known  parts  of  di* 
menfion,  the  bulk  of  the  elaftic  fluid  appears  bardy 
from  infpedion ;  from  hence,  fubduding  the  bulk 
of  the  common  air  contained  in  the  retort,  the  bulk 
of  the  elaftic  vapour  extricated  from  the  water  is 
(^etermincd. — If  this  apparatus  be  not  at  hand»  a 
Florence  flaflc,  or  fome  other  veflel  of  proper  (iit, 
may  be  ufcd,  and  a  bladder,  well  comprefled, 
tied  to  its  neck,  to  receive  the  vapour  extricated 

by 
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bj  boiling:  but  the  condufion  in  this  cafe  will  be 
Ids  accurate. 

Before  the  retort  cools,  the  bended  part  of  the 
neck  muft  be  taken  out  of  the  mercury,  otherwife 
that  metal  will  gradually  fill  the  retort;  for  the 
aiqparent  vacuum  over  the  furfaure  of  the  water^  is 
mdy  occupied  by  a  watery  vapour,  which  is  re* 
duoed  to  Uie  form  of  water  by  cold  (r). 

(s)  The 

(r)  The  attthor  hert  foppofct,  tlist  the  qmnthy  of 

icrcory  difphced  a  c»  in  the  qrlin- 

dricalfcoeiTer  here  fketched,  indicatei^ 

tlic  quantity  of  elaftlc  fluid  difengaged 

bj  boStng  ;  but  this  cftimation  is  not 

tMM&p  becaofe  the  air  contained  in 

the  tpucc  A  c  is  in  a  greater  ftat^  of 

dJatattow  than  the  a^o^herical  air  ; 

fior  iaftead  of  being  charged  with  the 

wbofe  wc^ht  pf  V^e  atmofphere,  it  is 

(Htlj  diarged  with  that  weight,  di-  _ 

miniflicd  by  the  weight  of  the  column  ^      '^^  B 

df  mercury  ^  a  i  fo  that  if  the  pre* 

Cmtftatcof  the  barometer  in  the  o« 

pen  air  i^  ezprefled  by  h,  the  height  of 
.  tbe  column  c  a  by  h,  the  denfity  of  the  air  in  a  c  will  be 

to  that  of  the  open  air,  in  the  proportion  of  h  — h  to  h. 

If  then  the  column  c  b  is  of  feren  inches,  while  the  baro- 
^'mctcr  ftands  at  28,  four  meafures  of  the  air  contained  ia 

A  c  would  be  only  equivalent  to  three,  at  the  degree  of 

•oodenfiuion  of  the  open  air.     Further,  the  error  may  bjc 

totalt  u  e.  by  following  this  method  one  might  be  led  to 

beKcre  that  there  was  air  in  water  which  contained  none  at 

dStf  becaofe  the  air  remaining  in  the  neck  of  the  retort>  dri* 
K  3  YcA 
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(b)  The  claftic  fluid,  thus  colleftcd,  generally 
confifls  partly  of  pure  air  and  partly  of  aerial  addL 
To  denionftratc  this,  and  (it  both  be  prefent)  to 
determine  the  quantity  of  each,  one  of  them  muft 
be  feparated ;  which  is  performed  in  this  manner : 
Let  the  aeriform  fluid  be  agitated  with  lime-water, 
which  may  be  introduced  into  the  inverted  vcflfel, 
by  clofing  it  carefully,  and  transferring  it  from  the 
mercury  into  a  veflel  filled  with  lime-water,  and 
then  opening  it ;  by  thefe  means  the  aerial  acid  ig 
?ibli)rbed,  and  the  pure  air,  if  any  there  be,  re- 
mains alone— the  bulk  of  which  fubduded  firoil) 


yen  by  the  ebullition  into  a  c,  ^11  be  the  more  expaiidc4 
the  more  the  prefTure  of  the  air  is  diminifhed,  or  the  higher 
the  column  b  c  happens  to  be.  Attention  fhould  there* 
for^be  paid  to  this  dilatation,  and  it  may  eafily  be  afccr* 
tained ;  for  if  the  volume  of  air  remaining  in  the  retort  it 
called  V,  the  volume  of  mercury  difplaced  in  the  receifcr 
r,  the  height  of  the  mercury  in  the  barometer  at  the  tiBic 
of  the  operation  h,  and  the  height  of  the  column  of  mdr* 
cury  c  B,  h,  the  quantity  or  bulk  of  the  aip  really  difenga- 
ged  from  tr.c  water  by  boiling,  and  reduced  to  the  dcnfitj 
of  the  atmofpherical  air,  will  be  r  —  e  —  _.     If,  for  lO* 

ftance,  three  meafures  of  air  had  been  left  in  the  retort, 
and  that  air  had  difplaced  four  in  the  receiver,  and  the  co- 
lumn of  mercury  c  b  had  been  7  inches,  and  the  haro- 
meter  at    28,    the   quantity   of  air   produced   would  be 

4—3 -^  =  o.     Note,  communicated  by  M.  dc  Sanf- 

furc  to  M.  dc  Morvcau, 
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the  whole  (hews  the  quantity  of  aerial  acid  (s). 
(c)  The  aerial  acid  conftitutes  the  genuine 
fpiritus  miner  alls  of  the  ancients,  as  is  moft  evi* 
dently  demonflrated  by  the  analyfis  above  propo- 
kd ;  for  all  the  mineral  waters  celebrated  for  virtue 
give  out  a  confiderable  quantity  of  an  elaftic  fluid^ 
(even  fometimes  a  portion  equal  in  bulk  to  the  wa- 
ter itfelf),  polTefling  all  the  properties  of  that  fub- 
tile  acid.  And  what  puts  the  matter  beyond  doubt 
is,  that  if  the  elaftic  fluid  of  fuch  waters  be  either 

(/)  Mr  Gioanetti  is  of  opinion,  that  the  quantity  of 
aerial  acid  may  be  better  determined  by  weight  than  bulk : 
his  method  certainly  does  not  require  cither  an  apparatus 
cm  porpofe,  or  fo  much  nicety :  he  puts  into  a  large  bottle 
*  two  pounds  of  aerated  water,  and  poors  in  a  fuberabon- 
daat  quantity  of  lime-water,  he  then  corks  it ;  as  fooo  as 
all  the  precipitate  has  fallen  to  the  bottom,  he  feparates 
the  liquor  by  means  of  a  fyphon,  and,  having  edolcOfatcd 
^d  dried  the  precipitate,  eflimates  the  weight  of  the  aerial 
acid  by  the  weight  of  the  calcareous  earth.  In  order  to 
diftinguifii  the  uncombined  aerial  acid  firom  that  which 
might  be  united  with  fome  bafis,  he  repeats  the  fame  ope* 
radon  upon  water  deprived  of  itf  air  by  boiling.  Mr 
Gioanetti  afiumes,  for  the  foundation  of  his  calculation^ 
the  experiments  of  Mr  Jacquin  ;  according  to  which,  31 
parts  of  calcareous  earth  contain  13  of  fixed  air,  2  of  wa* 
tcr,  and  1 7  of  earth  ;  but  this  eftimation  diffinns  from  that 
of  Profeffisr  Bergman  by  -^ ;  whence  it  appears,  that  it 
is  not  lefs  difficult  to  determine  with  precifion  the  quantity 
of  fixed  air  contained  in  calcareous  earth  than  the  proper* 
tion  which  the  bulk  of  this  fluid  bears  to  its  weight.  See 
Analyfe  des  Eaox  de  St  Vincent,  p«  14.    Morveau* 

1^  4  *  gradnaDy 
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gradually  diflipated  in  an  open  veffcl,  or  fuddenljr 
expelled  by  heat^the  water  lofcs  its  grateful  pungent 
acidity,  which  it  recovers  altogether,  when  the  loft 
of  that  claftic  fluid  is  fupplied :  analyfis  and  fyn- 
thefis  then  agree  fo  perfedly  on  this  occafion, 
that  whoever  confiders  the  operations  with  due  at* 
tention  muft  be  clearly  fatisfied  of  the  truth  of  die 
pofition — in  another  place,  I  have  at  large  ex* 
plained  the  method  by  which  the  natural  aerated 
waters  may  be  Imitated. 

It  may  happen,  indeed,  that  the  phlogifticated 
vitriolic  acid  (commonly  called  volatile  acid  of  ful* 
phur)  (hall  be  mixed  with  the  aerial  acid ;  but 
mod  undoqhtedly  this  is  a  very  rare  occurrence : 
at  lead,  I  do  not  hefitate  to  afTert,  that  the  Pyr- 
mont,  the  Spa,  the  Seltzer,  and  other  waters,  whofe 
|>enetrating  and  volatile  efficacy  has  been  attribu« 
ted  to  a  difengaged  phlpgifticated  vitriolic  acid,  do 
not  contain  the  fmalleit  particle  of  it.  Thcfe  war 
ters,  upon  analyfis,  are  found  to  contain  lime  and 
magnefia  aerated  ;  and  the  lad  (the  Seltzer)  alfo 
contains  an  aerated  mineral  alkali,  which  is  utterly 
incompatible  with  the  exidencc  of  a  difengaged 
vitriolic  acid ;  for  this  acid*  to  whatever  degree  it 
may  be  phlogidicated,  attracts  lime,  magnefia, 
and  alkali,  with  a  force  fuperior  to  that  of  the  ae- 
rial acid  :  if  prefent,  therefore,  it  mud  expel  the 
weaker  acid,  and  tal^e  its  place — that  is^  it  muft 
lofe  its  difengaged  (late.  The  prcfence  of  phlp* 
gidiqated  vitriolic  acid  cannot  therefore  be  aJBTert- 

ed. 
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cd)  without  a  palpable  contradi&ion,  fo  long  as 
any  aerated  alkaline  fubftanccB  are  found  in  the 
£uiie  water.' ,  It  is  alledged,  indeed,  that  this  de« 
compofition  cannot  take  place  in  the  bofom  of  the 
earth,  and  no  doubt  (t)  that  is  fometimes  the  cafe; 
but  it  cert^nly  cannot  hold  with  refpe£k  to  Pyr- 
Biont,  of  which,  however,  it  is  particularly  aflert* 
ed ;  for,  at  its  very  firft  appearance,  upon  the  ad* 
dkion  of  fpirit  of  wine,  it  feparates  its  magnefia 
and  lime  completely  vitriolated.  No  perfon  who  hat 
fixn  or  examined  the  phlogifticated  vitriolic  acid, 
can  poffibly  confound  it  with  the  aerial  acid ;  for 
tbefmdl  of  the  former  is  pungent  and  highly  pene* 
trating,  that  of  the  latter  fcarce  fenfible :  the  tafte 
of  die  former,  acrid  andmaufeous ;  that  of  the 
latter,  very  mild  and  agreeable  :  the  former  may 
be  reduced  to  a  liquid  form ;  the  latter  is  always 
in  a  ftate  of  vapour :  the  former,  being  ftronger^ 
czpek  the  latter  from  every  kind  of  bafe,  and 
forms,  with  each  of  them,  compound  falts  of  a 
§pcae%  very  diflferent  from  thofe  formed  by  the 
fiune  with  aerial  (y)  acid ; — in  fliort,  they  fcarce- 
ly  poffcis  any  property  in  common,  excepting  on* 
ly  the  general  properties  of  acids.  If  the  opinion 
of  fuch  as  confound  thofe  two  acids  were  well 
funded,  the  former  would  not  change  the  co- 
lour of  fyrup  of  violets,  which  the  latter  is  never 

(/)  Aerial  Acid,  fee  p. 

(v)  Treatife  on  elcAite  AttradUons. 

found 
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found  to  do ;  but  I  have  always  obfcrvcd  that  phlo*. 
giflicated  vitriolic  acid,  unlefs  when  mixed  with 
iron,  changes  fyrup  of  violets  to  a  red. 

( :)  Waters  abounding  with  fixed  air,  as  I  be- 
fore obfcrvcd,  poflefs  a  pungent  but  agreeable  a^ 
&  fccnt  flavour  ;  and  from  hence,  doubtlefs,  it  if 
that  from  the  mod  remote  times  they  have  been 
called  aciduU.  The  propriety  of  this  denomina- 
tion is  called  in  queflion  by  many  perions  at  this 
day,  becaufc  thefe  waters  eflfervefce  with  acids, 
and  not  with  alkalis ;  and  alfo  change  the  colour 
of  fyrup  of  violets  to  a  green  ;  which  arc  confi- 
dered  as  certain  figns  of  an  uncombined  alkali* 
But  here  we  muft  obferve,  ift,  That,  ftri£tiy 
faking,  effervefcence  with  acids  never  indicates 
a  pure  alkali,  but  an  alkali  united  with  the  aerial 
acid>  which,  upon  the  addition  of  a  more  power-* 
ful  acid,  is  feparated,  and»  recovering  its  elafticiv 
ty,  mud  0oat  in  the  form  of  bubbles  on  the  fur- 
bee  of  the  more  ponderous  fluid ;  whereas  an  al* 
kali  perfectly  cauftic  does  not  excite  the  fmalleft 
cflFcrvefcence  with  acids  :  2d,  A  (imilar  efferveC^ 
cence  alfo  takes  place,  when  lime  or  magnefia  ae- 
rated meet  with  an  acid ;  and  this  is  the  cafe  witl| 
Pyrmont  water,  which  does  not  contain  any  aera- 
ted alkaline  fait. — Spa  water,  indeed,  contains  a 
imall  portion,  and  Seltzer  dill  more :  3d,  Alka- 
line fubftances,  whether  faline  or  earthy,  though 
faturated  with  aerial  acid,  yet  a£t  as  precipitants, 
in  virtue  of  tiicir  alkaline  nature,  and  ex^rt  a  cer* 

tain 
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tm  force  npern  varioas  bodies,  irfucb  foroc  is  not 

Aocd  by  the  aciial  add,  on  aocomit  of  its  cs- 

trcmc  wcakncfs;    this  force  is,  however,  ibmc- 

vbt  diminiflied,  though  i^  caa  be  cuiiidy  fop- 

prtHed  by  the  quantity  of  acid  necrflary  to  the  fc- 

tonrioD  of  the  alkaline  fak  and  ^.  vatcr  ishidi 

AflUfcs  It :  4th,  The  aerial  add  cannot  dUivtfce. 

with  ilkalis,  becaufe  it  is  the  expolfioo  of  tins  add 

bya  ftronger  one,  that  occafions  the  motion  and 

Aefpiunefcence,  appearances  which  are  vol  oc* 

cafioQcd  by  the  meeting  of  an  alkafi  with  the  acrid 

add.   Thus  die  moft  completdy  aerated  Pynnoiit 

orSdtzer  water,  upon  the  addtdoo  of  a  fmal  qoan* 

tty  of  alkaline  CUt^  particularly  if  cauftic,  imme^ 

&tdy  grows  flat,  and  acquires  a  vapid  tafte,  and 

tkai  without  any  vifiWc  motion  :    5th,  The  greea 

colour  bduced  upon  fyrup  of  violets  is  evidently  a 

fallacious  teft  ( vi  1.  c) ;  for  diftilled  water,  in  whidi 

a  finaB  quantity  of  martial  vitriol  is  diflblved,  poC- 

^  the  property  of  immediatdy  rendering  that 

^p  green. 

Since,  then,  in  the  addulous  waters,  not  only 
^  alkali  is  faturatcd  with  aerial  add,  but  the  wa« 
^  ^U(b  contains  it  (b  copioufly  as  to  render  tine* 
^^  of  turnfole  red,  fuch  waters  cannot  properly 
"^  confidered  as  alkaline.  1  his  acid,  though  fu- 
l**^bundant,  is  fo  weak,  that  it  is  not  able  totally 
^^  r^prcfe  the  alkaline  properties ;  it  b  alfo  vola- 
*^>  but  neither  its  weaknds,  nor  its  fugacity  can 

*^\crt  its  rflcnti?|l  properties. 

(e)  From 
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(e)  From  the  fulphurated  hot  waters  an  hepi-^ 
tic  ^pour  is  colleded,  the  prefence  of  which  is 
readily  difcovered  by  its  peculiar  fetor :  this  is 
fometimes  prefent,  together  with  aerial  acid  difen- 
gaged,  and  it  is  decompored,  when  it  has  quitted 
the  water,  by  pure  air ;  which  cannot  appear  fur- 
prifing,  as  concentrated  nitrous  acid  is  capable  of 
effecting  that  decompofition,  even  in  the  water. 
The  explanation  of  both  is  the  fame :  Thus  die 
hepatic  aura  is  tenacious  of  its  form  of  vapour- 
hence  a  very  large  and  dry  furface  of  contad  b 
prefented  to  the  atmofphere,  in  confequence  of 
which  the  pure  air  feizes  the  phtogifton,  which  ta 
a  hepatic  vapour  conneds  the  fulphur  with  die 
matter  of  heat,  and  thus,  the  bond  of  union  bt* 
ing  removed,  the  fulphur  appears  in  its  proper 
form.  This  is  the  origin  of  the  fulphur  which  is 
fublimed  at  Aix-la-Chapelle ;  hence,  too,  we  un« 
derftand  how  hepatic  vapour  is  quickly  decompo* 
fed,  and  depofits  its  fulphur,  upon  the  addition  xjf 
any  fubftance  which  is  capable  of  feparating  the 
phlogifton.^— I  before  mentioned  the  conftituent 
parts  of  hepatic  vapour ;  but  as  this  is  particu^ 
larly  examined  in  the  Treatife  on  Subterranean 
Fire,  I  omit  the  analytical  dcmonftration  of  it 
here. 

(f)  The  volatile  falts,  which,  if  I  may  be  allow* 
ed  the  expreffion,  are  more  corporeal  when  ^hej 
liappen  to  be  prefent,  are  found  to  be  driven  oyer 
into  the  recipient,  or  fometin\cs,  though  very 

rarely, 
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rardy>  adhering  to  the  neck  of  the  retort,  as  the 
watery  vapours  diflblve  and  carry  them  over ;  tins 
applies  particubrly  to  volatile  alkali  and  the  am* 
mooiacal  dUts,  which,  may  be  eafily  Tcparatcd  by 
the  prcdpitants  dcfcribcd  (§  vii.).    Sometimes, 
however,  the  water,  paffing  over  alfo,  contains  a 
portion  of  acid,    which,   upon  examination,   is 
6nmd  to  be  of  different  forts :  thus,  when  nitrated 
lime  or  magneiia  is  prefent,  the  nitrous  acid  comes 
over,  becaufc  the  conftituent  principles  of  thofc 
filts  cohere  fo  lopfely,  that  they  are  feparated  by 
boiling,  if  continued  for  any  length  of  time  :    but 
Ac  muriatic  acid  cannot,  by  this  degree  of  heat, 
beieparated  from  any  (alt,  except  falited  magneiia; 
the  phlogifticated  vitriolic  acid  may  alfo  be  obtain* 
cd  in  tlus  manner,  if  it  be  uncombined— the  quan- 
docs  of  the  (alts  thus  decompofed  may  be  difcover- 
cd  by  faturating  the  acids  refpe£tively  with  bafes  of 
the  £ime  fort  with  thofe  from  which  they  have 
been  expelled.    The  weight  of  the  new  com- 
pound indicates  the  quantity  of  fait  decompofed 
by  the  fire. 


S  IX.  Method  of  colleding  the  fixed  heteroge^ 

neous  Matter. 

During  the  evaporation  of  the  water,  the  fixed 
beterogeneous  matters  are  continually  reduced  to 
narrower  compais,  and  at  length  the  water  be- 
comes infufficient  to  retain  them  all :  *  hence  they 

are 
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are  Ibparatcd  by  degrees,  the  lead  folubic  firft^ 
and  then  fuch  as  require  lefs  water  for  their  folo^ 
tion.  — - 1  (hall  qow  proceed  to  defcribe  the  mc^ 
thod  of  condu&ing  this  operation  more  particu- 
larly. 

(a)  The  vefTels  employed  ought  to  be  broad^ 
becaufe  fluids  evaporate  more  or  lefs  quickly,  in 
proportion  to  their  furfuces.  We  may  fafely  eaip 
ploy  for  this  purpofe  earthen  vefleis,  provided  thcf 
are  ib  compad:  as  not  to  abforb  any  faiine  matter, 
livith  a  denfe  and  fmooth  furface,  which  will  not 
be  liable  to  defquamation ;  fo  that  fuch  matters  at 
adhere  to  it  during  evaporation  may  be  ^afily  to* 
parated,  and  fcraped  oS  pure.  Iron  and  copper 
are  corroded,  and  therefore  are  in  gendral  altoge^ 
ther  unfit  for  this  purpofe  :  neither  is  tin  convex 
nient :  filver,  befides  being  expenfivc,  b  fomet 
times  unfafe,  efpecially  if  there  be  any  uncombi« 
ned  nitrous  acid  in  the  water :  veflels  made  of 
ftone  ware  are  excellent  in  many  refpe£ks,  but  artf 
liable  to  two  objediond  :  For,  firft.  Their  furfiictf 
is  fomewhat  rough,  hence  a  part  of  the  reiiduum 
may  eafily  be  concealed  in  the  holes  and  inequali* 
ties ;  and,  fecondly,  they  are  foft,  fo  that  fuch 
particles  as  adhrre  very  clofcly  cannot  be  fcraped 
off,  without  danger  of  fcraping  off  alfo  a  part  of 
the  vcffel  t  glafs  veff::ls  would  be  the  moil  conve* 
nient,  if  the  operations  could  always  be  conduft* 
ed  in  them  without  breaking ;  — *  fmall  and  fufr 
ciently  thin  glafs  veffcis  may,  without  danger,  be 

cxpofed 
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txpofcd  to*  an  intcnfe  open  fire,  if  properly  regu* 
hied ;  but  fach  as  are  neceflary  for  containing 
large  quantities  require  for  that  purpofe  a  fuffi- 
cient  degree  of  thicknefs ;  and  hence,  being  u:ific 
to  endure  fudden  changes  of  heat  and  cold,  arc 
eafily  brokdi.  The  fi^e  of  the  veflels  depends  up« 
cm  the  quantity  of  water  nec^ry  for  the  feveral 
experiments. 

(b)  The  quantity  of  water  neceflary  to  be  fub* 
jeded  at  one  time  to  experiment  is  generally  de- 
termined by  the  quantity  of  heterogeneous  con« 
tents ;  if  thefe  are  abundant,  one  kanne  is  fu(S<* 
dent ;  but  when  the  quantity  is  fmall,  fix,  eight, 
or  more  are  requifite.  If  our  veflels  are  not  of 
fize  fufScient  to  contain  the  whole  quantity  at  once, 
we  muft  add  the  water  from  time  to  time,  accor^ 
ding  as  room  is  made  by  the  evaporation ;  but  this 
muft  be  done  with  great  circumfpedion,  left  the 
Warm  veficl  (hould  be  broken  by  the  coldncfs  of 
die  water. 

(c)  A  gentle  evaporation  is  moft  proper;  for 
by  violent  ebullition  a  portion  of  the  ingredients  is 
diflipated,  nay  fometimes  decompofed.  A  cover 
ii^  neceflary,  to  keep  out  the  charcoal,  duft^  and 
embers ;  this  cover  muft  give  exit  to  the  vapours 
by  an  hole  feveral  inches  in  diameter ;  but  the 
liole  ftiould  be  kept  fliut  until  the  ifliiing  vapour  is 
to  far  condenfed  as  to  prevent  the  duft  from  falling 
in* 

(o)  In  this  procels  different  phenomena  appear^ 

accordinj^ 
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according  to  the  difFerent  contents  of  the  watcr« 
If  there  be  prefent  lime  and  iron  aerated,  in  an 
intenfe  degree  of  heat,  fuch  a^  80^  or  90'',  they 
are  deprived  of  the  quantity  of  aerial  acid  necef* 
iary  to  render  them  foluble ;  they  coiled,  there- 
fore, on  the  furface,  where  the  volatile  menftruum 
firft  becomes  deficient,  and  form  a  pellicle,  which 
being  broken  by  the  agitation  of  the  water,  falls 
to  the  bottom  when  the  motion  ceafes.  This  hap* 
pens  becaufe  lime  and  iron,  when  barely  laturated 
with  aerial  acid,  refufe  to  unite  with  water,  but 
may  be  taken  up  when  this  fubtile  menftruum  is 
fuperabundant  in  the  water.  This  fuperabundance 
adheres  to  them  but  (lightly,  and  therefore  flies  off 
during  evaporation ; — ^which  alfo  happens  fponta* 
neoufly,  upon  keeping  the  water  for  fome  days  in 
an  open  veffel. 

The  above-mentioned  pellicle  is  found  whole, 
when  formed  by  iron ;  and  in  this  cafe  it  is  tinged 
with  the  dijSerent  prifmatic  colours,  according  to 
the  different  points  of  view.  It  has  been  thought 
that  this  contained  a  certain  bituminous  oil,  parti- 
cularly becaufe  it  detonates  with  nitre ;  but  not 
the  fmalleft  particle  of  this  unduous  matter  has  as 
yet  been  difcovered  in  it.  As  to  the  detonation, 
that  is  occafioned,  in  the  prefent  cafe,  by  the  phlo- 
gifton  remaining  in  the  martial  earth,  which  vriien 
frefli  contains  fo  much  of  that  principle,  that  it  it 
foluble  in  all  acids. — ^But  this  remainder  of  phlo* 
gifton  is  gradually  diiSpatcd,  and  that  the  more 

qutckly* 
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ipiickly»  and  in  proportion  as  it  has  been  expo* 
fed  to  the  more  heat  during  evaporation,  and  to 
the  more  free  acceis  of  atmofpheric  air.  The  fi- 
mvhaneous  variation  of  colour  indicates  nothing 
more  than  various  degrees  of  tenuity,  or  various 
ftates  of  dephlogiftication  in  the  particles. 

If  aerated  magnefia  be  prefent.in  water,  it  is 
not  fepigrated  all  at  once,  but  continues  to  fall  by 
ittgrca  during  the  whole  procefs,  from  the  begin* 
aiog  of  (he  evaporation  even  to  drynels. 

Aerated  lime  and  filiceous  particles  fall  rather 
before  a  boiling  heat. 

Of  all  the  (alts,  gypfum  falls  firft,  but  not  imtil 
}fmg  after  aerated  lime  and  aerated  iron. 

If  fiiturated  folutions  of  different  lalts  be  mix- 
cdt  tbey  all  appear,  during  the  evaporation,  in  an 
order  conformable  to  their  degree  of  fblubility ; 
that  is,  fuch  as  are  leaft  foluble  in  water  appear 
firft :— 4hus,  alum  is  the  foremoft,  then  vitriola- 
ted  v^etable  alkali  (if  any  there  be)  afterwards, 
ia  or^,  martial  vitriol,  coipmon  nitre,  vitriol  of 
cq)per,  lalited  vegetable  alkali,  mineral  alkali, 
common  Cilt,  vitriol  of  zinc,  vitriolated  magnefia, 
and,  laftly,  the  deliquefcent  ialts  :  but  this  order 
is  freqaently  interrupted  by  the  quantity  of  the 
diflUved  matters. 

The  different  heterogeneous  matters  may  accor- 
dingly be  either  feparated  as  they  fucceifively  appear, 
or,  by  continuing  the  evaporation  to  drynefs,  be  ob- 
isuncd  all  mixed  together.   The  former  method  is 

Vol.  I.  •!#  ir 
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in  fome  inftances  fufBciently  commodioua,  but  id 
generally  of  little  ufe,  efpccially  when  aerated 
magnefia  is  prefent,  as  this  fubftance  does  not  (e- 
parate  altogether ;  befides,  the  falts,  however  care^ 
fully  colleded  in  this  way,  are  more  or  left  mixed 
with  each  other,  and  the  deliquefcent  (alts  oeca^ 
fion  much  inconvenience,  efpecially  about  the  end 
of  the  operation.  If  every  particular  ingrediem 
is  to  be  feparately  and  accurately  colleOcd,  fbe 
water  mu(t  be  frequently  filtered,  a  procels  wUdi 
is  attended  with  as  much  trouble  as  the  repeated 
folution  and  evaporation  of  the  refiduum,  but  if 
much  more  uncertain,  on  account  of  the  partides 
which  are  loft  upon  the  filter — ^hence  the  lattdf 
method  appears  to  be  more  eligible^  If  drcum- 
ftances  permit  us  to  repeat  our  analyfis,  the  fbr« 
iner  method  may  be  tried,  for  the  fake  of  compt^ 
rifon. 

(k)  The  evaporation  being  continued  to  Ay- 
nefs,  the  whole  refiduum  (hould  be  carefully  cot« 
le&ed,  and,  if  thought  neceilary,  weighed)  bat 
the  weight  of  the  whole  will  be  more  accural^ 
determined  from  the  fuin  of  the  feveral  ingreifi* 
cuts;  becaufe,  on  account  of  the  inequality  of  ex* 
ficcation,  more  or  lefs  of  the  water  of  cryfhdliza* 
tion  may  be  expelled.— Such  falts  as  can  be  redo* 
ced  to  the  form  of  cryftals  ihould  be  weighed  when 
m  thjtt  form. 


fXr 
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5  X*    ExaminMion  of  the  Rejukium  not  foluble 
in  IVater. 

(a)  The  whole  reiiduum,  well  dried,  is  then 
put  into  a  bottle,  and  alcohol  poured  over  it,  to 
the  hdght  of  an  inch ;  the  veflel  is  then  (hut  clofe, 
and  ihaken ;  and,  after  (landing  for  a  few  hours, 
die  liquor  is  (iltered. 

-    (b)  To  the  re(iduum  is  then  added  eight  times 
die  quantity  of  cold  diftilled  water ;  the  mixture 

flnken ;   and,  after  (landing  fome  dme,  it  is  fil- 

^ —  -* 

ICICCI* 

(c)  Finally,  the  refiduum  is  boiled  for  a  quar- 
ter of  an  hour  in  fomewhat  more  than  four  or  five 
bimdred  times  its  weight  of  diftilled  water,  and 
afterwards  filtered. 

(d)  The  refiduum  now  is  not  foluble,  either  in 
^xrit  of  wine  or  water.  If  it  abounds  in  particles 
cf  iron,  let  it  be  expofed  in  an  open  veflel  for 
fame  weeks  to  the  rays  of  the  fun,  and  moiftened 
from  dme  to  time :  by  thefe  means  the  metal  is 
fa  much  dei^ogifticated,  that  it  is  not  foluble  in 
nDq;ar,  (an  efied  which  may  be  produced  in  a 
fliOTter  time,  by  means  of  heat),  but  at  the  (ame 
dme  the  magncfia  is  calcined,  and  the  weight  fuf^^ 
fers  a  {u)  diminution.  The  prefence  of  iron  is 
ircry  cafily  difcovered  by  the  brown  colour.    The 

j[«)  T^  00  Aerial  Acid. 

L  a  flow 
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flow  calcination  by  the  fun's  rays  occafions  no  in^ 
convenience  ;  for  the  rcfiduum  being  dry,  a  rni- 
veller  may  eafily  carry  it  with  him  where-cver  hii 
occafions  lead  him. 

The  refiduum  generally  cbnfifts  of  t^rcc  or 
more  ingredients  mixed  together ;  thefe  may  ()e 
feparated  from  each  other  by  the  following  me- 
thod :-T-ift,  Upon  this  refiduum,  previoufly  calciT 
ned,  if  nectifary,  and  weighed,  is  poured  diftillcd 
vinegar,  which,  by  digeftion,  diffolves  the  aerated 
lime  and  magnefia  remaining  in  the  refid^ual• 
^ny  mineral  acid  may  be  employed  for  this  pufr 
pofe,  if  there  be  no  iron  prefent,  a  circumftancf 
which  ought  to  be  previoufly  examined  by  the  co- 
lour ^nd  by  the  piecipitants  above  defcribed}  bu^ 
as  there  is  fometimes  prefent  an  argillaceous  mato 
ter,  which  is  more  eafily  taken  up  by  the  mineral 
acids,  I  rather  recommend  the  ufe  of  diftilled  vi- 
negar* Ihe  refiduum,  which  is  not  taken  up 
\>y  the  vinegar,  when  waflied  and  dried,  (hevSi 
by  its  lofs  of  weight,  hpw  much  has  been  dif 
folved. 

2dly,  The  apetpus  fplution,  evaporated  to  dry- 
nefs,  yields  acetated  lime,  filamentous,  and  re- 
fembling  mofs-  This  fubftance  is  permanent  in  a 
mpift  air,  if  it  only  gonfifts  of  lime  j  but  dcBr 
quefcent,  if  it  contains  n  agnefia.  This  point  may 
alfo  be  further  afcertaincd  by  diluted  vitriolic  aci4« 
'(which,,  to  guard  agaiult  fuperabundance,  (bould 
^f  dropped  in  fparingly  apd  flowly)  j  fpr  this  acid, 
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in  the  former  cafe,  conrerts  the  whole  maf;  into 
gypfom,  which  falls  to  the  bottom  and  is  nearly 
void  of  taftc ;  but  in  the  latter,  it  diffolves  the 
Hfiignefia  perfedly,  forming  vitriolated  magnefia 
estrcmely  bitter,  and  which,  on  evaporation^ 
fiorms  prtfmatic  cryflals ;  or,  if  the  bafe  be  mix- 
ed, it  forms  partly  gypfum,  partly  vitriolated  mag- 
nefia. 

-'  Sdlyv  In  order  to  know  the  weight  of  foluble 
tathh  which  had  been  fufpended  in  the  water,  let 
die  gypfum  and  vitriolated  magnefia  be  feparately 
^ibhrcd,  precipitated  by  an  aerated  alkali,  wa(h«» 
ed^  dried,  and  weighed ;  but  this  tedious  procefs 
may  be  avoided,  if  we  recoiled  that  loo  parts  of 
gypfum  contain  about  34  of  pure  lime,  which  are 
equivalent  to  nearly  62  of  aerated  lime ;  and  that 
100  parts  of  vitriolated  magnefia  contain  1 9  df 
pore  magnefia^  which  are  equal  to  42  of  aerated 
magnefia. 

4thly,  That  part  which  is  not  folublc  in  the  vi- 
negar, is  either  argillaceous^  martial,  or  filiceous. 
The  prefence  of  the  firft  always  renders  the  water 
fomewhat  turbid,  and  of  an  opal  colour :  this,  as 
well  as  the  martial  earth,  is  folublc  in  marine  acid  ; 
but  the  metallic  earth  may  be  precii^uted  alone 
by  a  phlogifiicated  alkali ;  after  which  the  argiU 
latceous  part  may  be  thrown  down  by  an  alkali. 
Silch  portion  as  refills  a  fufficient  quantity  of  ma- 
Anc  acid,  is  filiceous  earth,  which  may  be  further 
determined  by  the  blow-pipe }  for  this  earth,  U  hen 

L  3  added 
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added  to  the  mineral  alkali  in  fufion^  unites  nitb 
it,  with  a  violent  eflfervefcence,  and  is  thereby  to« 
tally  diffolved  (e). 

5thly,  Aerated  manganefe  may,  perhaps,  ibme* 
times  be  difcovered  in  waters  ;  in  which  cafe  it  is 
fomid  in  the  reliduum,  N^  4,  and  may  be  fepars* 
ted  in  the  following  manner : — Firft  let  the  reft* 
duum  be  violently  calcined,  then  pour  upon  it  & 
luted  nitrous  acid,  with  the  addition  of  a  littk  fo^ 
gar ;  and,  after  (landing  for  about  an  hour»  tot 
the  liquor  be  filtered.  Upon  dropping  an  alkaE 
into  the  filtered  Hquor,  a'white  powder  fiaiUs,  which 
by  ignition  grows  black,  and  the  weight  of  whidi 
is  to  be  determined  by  the  balance.  The  rationak 
of  this  operation  will  readily  appear  (/)  hereafter; 
I  therefore  pafs  it  over  here,  in  order  to  avoid  re* 
petition  as  much  as  poffible. 

{e)  Mr  Gioanetti  (1.  c  p.  22.)  is  of  opinion,  that  dit 
quantity  of  iron  may  be  determined  by  precipitation  with 
galls  ;  he  pours  in  the  infufion  till  there  is  a  fuperabundaot 
quantity;  and  he  afterwards  expofes  the  precipitate  to  heat 
in  a  luted  crucible ; — it  lofes  about  |  of  its  weight,  and 
becomes  fenfible  to  the  magnet.  This  procefs  may  be  de* 
fill  to  verify  or  compare  refults,  but  alone  is  not  fufficienli 
as  it  affords  no  indication  of  the  ftate  of  the  iron,  nor  of 
the  menftruum.  Befides,  the  great  diminution  of  the  pre- 
cipitate after  calcination,  does  not  allow  us  to  fuppofe  that 
its  magnetic  properties  are  deftroyed.  by  excels  of  phlogt* 
fton.    Morveau. 

(/)  Of  the  white  Ores  of  Ironv 

6tblf, 


OF  THE  ANALYSIS  OP  WATERS.      167 

6thly,  If  at  any  time  aerated  teira  pondcrofa  is 
contained  in  the  reiiduum,  (which  certainly  may 
be  the  cafe,  although  no  perfon  has  hitheito  dif- 
cofered  it),  it  diflblves  in  vinegar  like  the  other 
lAiforbent  earths,  and  differs  from  lime  in  this  par* 
ticolar^  that  it  forms,  with  vitriolic  acid,  a  fpa^ 
tbom  ponderofum,  which  is  not  foluble  in  a  thou* 
fiuid  times  its  weight  of  water.  100  parts  of  this 
%ar  OMitain  about  84  of  pure  terra  pondcrofa^ 
vhich  are  nearly  equivalent  to  130  of  that  earth 
when  aerated* 


f  xu  Examination  tf  the  Refiduum  foluble  in 
Heater. 

We  (hall  now  proceed  to  examine  the  folutions 
mentioned  in  the  preceding  fedion. 

(a)  The  folution  obtained  by  alcohol  (x.  a) 
contains  chiefly  lime  and  magnefia  lalited.  lime 
and  magnefia  nitrated,  together  with  falited  terra 
pcMiderola,  if  one  or  more  of  thefe  fubftances  be 
contained  in  the  water.  In  order  to  difcover  the 
quality  and  quantity  of  the  ingredients,  evaporate 
to  dryneis,  pour  on  diluted  vitriolic  acid,  and  con- 
tinue the  procefs  as  defcribed  (x.  d,  2, 3.).  Some- 
times the  alcohol  alfo  contains  a  dephlogifticated 
martial  vitriol,  which  may  be  leparated  from  the 
icdation,  diluted  with  a  fuffident  quantity  of  water, 
byaphlog^catedalkali.   Thciblution  isof  ared- 

£fr  brown* 
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(b)  The  folution  made  by  cold  water  (x.'  b.)  b 
to  be  thus  examined  :  ift,  Cryftallization  is  to  be 
attempted  by  gentle  evaporation— this  cryftalliza* 
tion  fucceeds  better  when  the  deliquefcent  faks  are 
feparated.     Excepting  common   fait,    (of  whidi 
cold  water  dilTolves  nearly  as  much  as  hot,    and 
which  therefore  is  cryftallized  by  continual  eva- 
poration), all  the  falts  eafily  aflfume  regular  fortnSt 
if  the  evaporation  be  carried  on  in  a  heat  of  8o* 
or  90^,  until  a  drop  of  the  folution  let  fall  upon 
a  cold  glafs,  in  the  fpace  of  a  minute,  exhibits 
cryftalline  grains  or  fpiculae.     Slow  refrigeration 
is  alfo  preferable  to  a  quick  one.     Evaporation 
condufted  with  a  boiling  heat,  will  fometimes  pro- 
duce perfeft  cryftals  on  the  furfiace ;  but  thefe  ge- 
nerally confift  of  an  aggregation  of  various  forts* 
When  we  are  only  inquiring  into  the  fpecies  of  the 
fait,  and  not  its  figure,  we  muft  proceed  in  ano- 
ther way  :  — 

Let  the  cryftals  which  fucccffively  appear  be 
put  upon  bibulous  paper  and  dried,  but  not  fo 
much  as  to  expel  any  of  the  water  of  cryftalliza- 
tion :  the  form,  tafte,  and  other  qualities,  men- 
tioned in  D,  will  in  fome  meafure  ferve  to  detcr- 
itiine  the  true  nature  of  each  fait ;  but  in  order  to 
avoid  the  fmalleft  doubt,  we  ftiall  confider  them  all 
in  the  following  manner  :  in  No  2«  alkaline  falts 
alone  are  comprehended  ;  3.  neutral  falts ;  4.  ear- 
thy lalts ;  5.  metallic  falts ;  and,  finally,  6.  a  num- 
ber 
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ber  of  mixed  falts,  which  are  feparated  with  more 
difficulty. 

2.  Whether  any  given  fait  be  alkaline  or  not, 
may  be  (Ufcovered  to  a  certainty  by  various  me- 
thods; viz.  by  its  lixivious  tafte,  eflfervefcencc 
with  adds,  and  the  various  precipitants  (vii.  b.  c). 
By  uniting  it  with  vitriolic  (g)  acid,  we  may  de- 
termine the  fpecies  of  alkali. 

Authors  fpeak  of  a  certain  imperfeft  mmeral  al* 
kadi ;  but  aU  of  that  fort,  which  I  have  had  an 
opportunity  of  feeing,  appear  to  be  no  other  than 
a  genuine  alkali,  but  impure,  particularly  vitiated 
by  deliquefcent  falts.  But  we  (hall  have  occafion, 
perhaps,  to  fay  more  of  this  hereafter. 

3.  I  call  thofe  falts  neutral^  which  are  compo- 
fed  of  an  acid  and  an  alkali ;  and  1  call  thofe 
tmddle  &lts,  which  have  not  a  faline,  but  an 
earthy,  or  metallic  bafe.  Perfed:  neutral  (alts, 
fuch  as  are  found  in  water,  do  not  (hew  any  figns 
cither  of  acid  or  alkali  in  a  difengaged  ftate,  nor 
are  folutions  of  them  rendered  in  the  leaft  turbid 
on  the  addition  of  an  alkaline  fait. 

In  the  examination  of  either  neutral  or  middle 
&]ts,  two  circurnftances  muft  be  particularly 
attended  to ;  namely,  1  (I,  to  determine  what 
the  conftituent  acid  is;  and  2d,  what  bafe  the 
add  is   united   with.— Vitriolic   acid   is    difco- 

{g)  Didilled  vinegar  is  preferable^  as  it  formsy  with  ve- 
l^cuble  alkali,  a  deliquefcent  fait,  and  with  the  follil  a  fo« 
liatcd  cryftallizable  fait.     Morveau. 

vered 
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vcrcd  by  falited  terra  ponderoCi  (vii.  r,  l)  or 
by  acctatcd  lead  (vii.  k).  When  the  nitrous 
acid  is  prcfent,  it  b  expelled  by  the  affiifion  of 
concentrated  vitriolic  acid,  and  may  ht  diftinguifh* 
ed  by  its  peculiar  fmelt,  and  its  red  fmoke*  la 
like  manner,  marine  acid  yields  to  the  Titriolic ; 
but  has  a  different  kind  of  fmell,  and  a  grcj 
finoke.  When  thefe  acids  are  only  in  very  frnaU 
quantity^  the  fmoke  will  fcarcely  be  vifible  in  a 
4ry  place ;  but  in  this  cafe  the  very  flighteft  vef* 
tige  of  nitrous  acid  is  made  apparent,  by  expofing 
to  the  fume  a  paper  moiftcned  with  volatile  alkali. 
To  difcover  the  mod  minute  quantity  of  marine 
acid  vapour,  nothing  more  is  neceflary  than  a  pa* 
per  moiftened  with  water :  the  vapour  inftantly 
furrounds  this  paper,  in  the  fame  manner  as  the 
nitrous  vapour  attaches  itfelf  to  the  paper  impreg- 
nated with  volatile  alkali. 

Befides,  nitrous  acid  is  difcoverable  by  deto- 
nation  ;  and  the  marine,  by  various  means,  fuch 
as  nitrated  Giver  (vii.  o),  nitrated  mercury  (vii. 
p.),  and  acetated  lead  (vii.  r). 

It  is  fomewhat  more  difficult  to  difcover  the 
bafes ;  the  vegetable  alkali  cannot  be  feparated  in 
the  humid  way,  unlefs  by  terra  ponderofa ;  bat 
this  feparation  may  be  effeSed  in  various  waySf 
by  means  of  a  double  ele&ive  attrafUon  (A)*  The 
mineral  alkali  is  expelled  by  the  vegetable^  but  in 

[h)  On  deftive  AttraaioBi. 
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this  cafe  docs  not  manifeft  itfelf  by  turbidncls  (/'); 
j€t  tt  may  be  difeovcrcd  by  cryftallization.  Both 
die  fixed  alkalis  cxpd  the  volatilcy  with  a  peculiar 
pungent  odour. 

Vitridated  mineral  alkali  (hould  be  carefully 
jiftinguifhcd  from  the  combination  of  vitriolic 
add  with  magnefia.  Thefe  two  fidts  agree  in 
fixming  bitter  prifmatic  cryftals,  which  fuffer 
i|iontaneous  calcination  in  a  dry  air ;  but  the  cry- 
ftalf  of  the  former  are  generally  larger,  much  de« 
preflcd,  with  a  cooler  and  mUder  tafte ;  but  they 
may  very  cafily,  and  inftandy,  be  diftinguifhed 
irooi  each  other,  by  the  addition  of  a  fmall  pece 
of  each  to  lime-water;  for  the  lime-water  is  not 
tendered  in  the  lead  turbid  by  the  vitriolated  mi- 
neral alkali,  but  the  vitriolated  magnefia  is  in* 
flantly  decompofed ;  for  in  this  lad  cafe  the  add 
unites  with  the  lime,  and  forms  a  gypfum,  which 
together  with  the  defcrted  magnefia,  is  found  at 
die  bottom.  If  thefe,  mixed  together,  be  prefent 
in  water,  they  cannot  be  completely  feparated  by 
cryftallization.  1  determine  the  quantity  of  each 
in  the  following  manner :  I  gradually  precipitate 
the  magnefia  by  a  folution  of  mineral  alkali ;  I 
umte  this  again  with  vitriolic  acid,  and  obtain,  by 
cryftallization,  a  vitriolated  magnefia ;  the  weight 
of  which,  fubdu&ed  from  the  whole  mals  of  la« 
Ifne  matter,  previoufly  cryftallized  and  weighed, 

(/)  Ibid.  §  riu  fab  iaiu'o. 
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yields  the  weight  of  the  vitriolated  mineral  alkalk 
The  fame  may  be  collcfted  from  the  weight  of  the 
precipitated  magnefia  alone,  if  we  know  the  pro- 
portions of  the  principles  which  conflitute  the 
two  falts.  Authors  fpeak  of  many  varieties  of 
vitriolated  mineral  alkali,  and  vitriolated  magne- 
fia,  varieties  which,  however,  depend  entirely 
upon  the  difference  of  purity :  thus  the  fal  Angli- 
cus,  Epfom  fait,  Lcydfchutz  fait,  Seidlitz,  and 
others,  when  well  depurated,  all  yield  the  very 
fiimc  vitriolated  magnefia. 

The  vegetable  and  mineral  alkali,  when  united 
With  marine  acid,  form  falts  which  agree  in  their 
cubic  figure,  decrepitation  in  the  fire,  and  to  a 
certain  degree  in  their  tafte ;  yet  the  former  is 
fomewhat  more  acrid,  and  is  befides  perfcdiy  dif- 
tinguifliable  by  another  property,  for  if  into  a  fii- 
turated  folution  of  this  fait  be  dropped  the  acid  of 
tartar,  a  pure  and  genuine  tartar  falls  to  the  bot- 
tom ;  this  does  not  take  place  in  a  folution  of 
common  fait,  becaufe  the  mineral  alkali  has  far 
Icfs  affinity  with  acid  of  tartar  than  the  vegetable 
alkali  has. 

4.  If  the  bafc  of  the  fait  be  earthy,  which  is 
known  by  its  precipitating  on  the  addition  of  ae- 
rated alkali,  the  fpecies  of  the  earth  may  be  thus 
determined : — terra  ponderofa  produces,  with  the 
vitriolic  acid,  a  fpathum  ponderofum  (x.  d,  6.); 
calcareous  earth,  with  the  fame  acid,  produces  1 
gypfum  (x.  D,  2.)  i  magnefia,  the  fait  commMly 

catted 
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called  (al  catharticu3  amarus  (x«  d,  2.);  and  clay 
produces  alum. 

5.  If  any  metal  be  prefent,  it  may  generally 
i>c  known  by  the  colour,  or  by  an  ochrcw — ^If  the 
bofe  be  cupreous  it  is  precipitated  in  a  metallic 
form  upon  iron,  if  the  moiftened  fait  be  rubbed 
upon  the  metal,  or  a  polilhed  piece  of  iron  laid 
in  the  folution  ;  it  is  difcoverable  alfo  by  a  blue 
colour,  an  seruginous  tafte,  by  the  volatile  (vii. 
i),  or  by  the  phlogifticated  alkali  (vii.  e). 

iron  i3  detected  by  its  colour,  which  is  green* 
Uhy  or  yetlowifli,  according  to  the  degree  of  de- 
phlogiftication,  by  its  inky  tafte,  by  an  ochrc» 
by  dndure  of  galls  (vii.  d),  and  by  phlogiftica* 
ied  alkali,  which  precipitates  a  Pruflian  blue  (vif* 
%y — In  the  Treatife  on  Alum,  I  (ball  explain  at 
large  the  method  by  which  martial  vitriol  may  be 
icparated  from  vitriolated  magnefia  and  alunu 

Zinc  forms,  with  vitriolic  acid,  a  white  vitriol,  of 
.which  the  cryftals  have  a  prifmatic  figure.— Thig 
.metal  is  precipitated  white  by  alkalis ;  as  alfo  by 
the  phlogifticated  alkali ;  but  is  not  at  all  afieded 
J>y  any  metal. 

^^ngatie/e  alfo  yields  a  white  vitriol  and  white 
precipitates  ;  but  it  diflfers  from  zinc  in  growing 
l>lack  by  calcination,  and  being  afterwards  info* 
luble  in  acids,  unlefs  they  are  either  themfelves 
l^ogifticatcd,  or  rendei  cd  fo  by  the  addition  of 
jbmc  fuitable  fubftance,  fuch  v.  g.  as  fugar. 

jirjenic^  in  its  recline  form,  is  not  fbluble  ip 

Vatcrjj 
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crater ;  and  of  the  white  calx  of  arfenic^  cold  wah 
ter  takes  up  no  more  than  a  few  grains  in  a  kamie; 
^-4)e(ide8,  this  calx  is  very  rarely  found  natufaUy 
foluble  in  water;  neverthelefs,  as  it  may  fome- 
times  happen,  efpeciaily  in  countries  abouncfing 
with  metals,  that  water  (hall  be  vitiated  by  arfi> 
nic,  I  (hall  here  fliew  by  what  method  it  may  be 
difcovered. 

If  the  dry  refiduum  be  thrown  upon  live  coalii 
or,  which  is  better,  expofed  upon  a  piece  of  char* 
coal  to  flame,  by  means  of  a  blow-pipe,  a  fmdD 
like  that  of  garlic  will  be  diftinSly  perceived  ;-^ 
*  this  is  the  mod  certain  indication  of  the  prdenoe 
ot  arfenic  Many  other  methods  have  alfo  been. 
thought  of,  but  they  are  in  general  fuch  as  ctn- 
not  be  employed  unlefs  the  water  Contains  arfe- 
nic  alone,  which  is  feldom  or  never  the  cafe.— ^ 
a  clear  folution  of  hepar  fulphuris  be  dropped  into 
water  containing  arfenic,  and  no  fubftance  be  pre- 
fent  to  prevent  it,  a  yellow  precipitate  immediate* 
ly  falls,  which  is  found  te  be  a  fpecies  of  orpimeflt 
cr  fulphurated  arfenic* 

6.  The  various  falts,  although  very  diflferent 
firom  each  other,  when  once  mixed  together,  aif 
not  eaftly  feparated ;  hence  often  arifes  confider> 
able  difficulty  in  the  analyfis  of  waters ;  for  cef^ 
tain  of  the  neutral  and  middle  falts,  enter  into  mort 
compound  combinations,  and  obftinately  rcfift  fe^ 
paration,  even  though  crvftallization  be  many 
times  repeated ;  at  leaft  they  adulterate  one  ano* 

thcr. 
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dier,  and  are  not  obtained  pure  without  the  ut* 
mcA  difficulty. 

Thb  difficulty  has  already  been  in  feme  degree 
temoTed  by  feparating  the  deliquefcent  £ihs  (x.  a% 
which  otherwife  would  enter  the  water  neccflfary 
for  cryftallizaiion,  and  prevent  that  procels  from 
going  on  regularly^ — ^The  foUow'mg  are  the  prin* 
opal  inconveniences  which  ftill  rcmaiii :— - 

The  uncombined  mineral  alkali  can  fcarce  be 
perfe£Uy  feparated  from  common  (alt :  the  weight 
of  both  thefe  taken  together  being  known,  let  the 
alkafi  by  degrees  be  exadly  faturated  with  vitrio- 
fic  acid ;  this  being  done,  let  an  equal  quantity  of 
die  lame  acid  be  faturated  with  mineral  alkali; 
Vrhich  being  cryftallized,  the  weight  of  alkaline 
Ut  mixed  with  the  common  (alt,  and  confequently 
die  woght  of  the  lea*(alt  itfelf,  will  appear  {k). 

We 

(i)  As  the  operator  can  never  be  fure  of  attaining  the 
fttak  point  of  Caturation*  even  though  he  (hduld  ufe  the 
frecautiont  of  diluting  the  acid  or  alkali,  and  mixing  a 
t^fiure  with  the  tf quor ;  that  he  nuf-  be  able  to  perceive 
ttut  progrcb  of  iu  changes,  the  procefs  of  M.  Gioanetti 
to  obtam  the  (eparations  of  the  fame  ialu  (ieenu  more  ad- 
wit^^coiis  ;  it  conGfts  in  reducing  all  the  foffil  alkali  into 
JaBattfd  earth,  hj  the  addition  of  a  fuffident  quantity  of 
4ttiDcd vinegar;  and,  after  cryftallizing  the  whole  ma& 
agaiii,  to  diflblve  the  terra  foliata  in  fpirit  of  wine :  the  fole 
attention  necefiary  is,  not  to  bum  the  terra  foliaU,  and 
Cttofiequentlj  to  evaporate  by  a  very  gentle  heat.  The 
leaned  phyfician  of  Turin  found  that  fpirit  of  wine  would 
tMH  take  np  fea-fidty  even  when  mix^  with  terra  foliata* 

By 
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Wc  have  already  (hewn  (b.  3.)  how  mineral 
alkali  and  magnefia,  when  united  with  the  lame 
vitriolic  acid,  as  alfo  vegetable  and  mineral  alkali, 
when  falited,  may  be  teparated ;— the  weight  of 
the  whole  and  of  one  ingredient  being  knowQ, 
that  of  the  other  is  eafily  determined. 

Alum  and  vitriolatcd  magnefia  are  feparated  by 
chalk,  but  not  by  quick  lime,  which  decompoib 
both ;  whereas  chalk,  or  rather  aerated  lime,  de- 
compofes  alum,  but  induces  no  change  upon  vi* 
triolated  magnefia. 

Finally,  if  diftind  concretions  cannot  otherwife 
be  obtained,  the  metallic  falts  are  to  be  precipita-* 
ted  by  phlogifticated  alkali,  the  earthy  ones  h^ 
fixed  alkali,  and  the  precipitates  managed  as  di-^* 
reeled  (x.  d):  the  quantities  of  the  precipitadngp 
alkalis,  and  of  the  falts  produced  by  their  means^ 
cannot  fail  to  give  the  rcquifite  information  (o). 

(c)  The  folution  made  by  boiling  water  (x.  c) 
contains  fcarcely  any  thing  more  than  gypfnin^ 
which  may  be  cither  feparated  by  cryftallization> 
or  decompofed  by  an  alkali, 

(d  )  In  order  that  the  diflferent  (alts  may  be  the 
more  eafily  diftinguifhed,  and  their  mutual  rda^ 


By  diftllling  the  fpirit  of  wine,  and  calcining  the  rcfidttum^ 
the  fofiU  alkali  which  exifled  in  the  firfl  ialine  mais  will  be 
retrieved  in  fubftance  without  mixture.  The  quantitiei^ 
then  may  be  verified  in  this  cafe,  both  by  fubtradioo  tad 
addition,  and  by  procuring  the  matter  itfelf.     Morveaiu 


i 
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ttens  the  better  Underftood,  I  add  the  following 
fketch  of  the  mod  rciharkablc  among  theni,  ha- 
ving treated  elfewhere  of  thd  aerated  alkalis. 


F'ttriolaied  vegetable  j4tkaU;  vulgo  vitrioldted 
I  Tartar. 

(/)  I  GO  parts  contain  about  52  of  piire  vege- 
table alkali,  4d  of  vitriolic  acid,  and  8  of  water. 
In  an  heit  ot  1  j^  one  part  of  this  fait  requires, 
for  folution,  itS  of  x^rater,  but  of  boiling  water  no 
riiorc  than  5.  The  tafte  is  \lreak  and  fomewhat 
bitter  i  it  does  not  deliCjuefde  In  a  moid,  nor  (uf- 
fer  fpontaneous  calciilatidn  in  a  dry  air  ;  it  decfc- 
pitaLtes  in  the  fire,  and  is  fufed  with  difficulty. 

The  original  fofm  of  the  ct7(t<lls  is  that  of  ad 

(/)  1  (hall  fubjoin  Mr  Kirwan'3  cftiirtatJofi  of  the  rcfptfc- 
tive  quantity  of  ingredients  in  ,thefe  faline  coioipouddfi. 
The  reader  will  probably  be  furprifed  at  the  difference  be- 
tween his  numbers  and  thofe  of  the  author  ;  but  fuch  pro* 
Wenw  are  among  the  mod  difficult  in  chymiflry.  There 
is,  however,  a  circumftance  which  mud  not  be  concealed, 
and  which  will  contribute  to  reconcile  much  of  the  differ* 
cnce:— Mr  Kirwan  confiders  the  acids  as  pure^  and  total* 
ly  free  from  water  \  whereas  Profefibr  Bergman  confiddrs 
them  in  a  ftate  of  confiderable  concentration  indeed,  but 
as  contaioing  a  very  large  proportion  of  water< 

100  grains  of  this  falt«  perfeAly  dry,  contain,  accord*. 
ing  to  Mr  Kirwan,  50,  21  of  real  acid,  64,  61  of  alkali, 
dod  5,  18  of  water;  when  cryflallized,  they  conuin  6, 18. 
of  water*    B. 

.  Vol.  I.  M  hexagonal 
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hexagonal  prifaiy  terminated  at  both  ends  by  an 
hexaedral  pyramid.— ^Thc  accidental  figure  varies 
in  many  different  ways. 


yitriolated  mineral  j4lkali;   vulgo  Glauber^s 
Salt. 

(m)  100  parts  contain  15  of  pure  mineral  a!* 
kali,  27  of  vitriolic  acid,  and  58  of  water.  In  a 
moderate  heat,  one  part  requires  2^  of  water, 
of  boiling  water  only  4. — ^It  does  not  deliquefce  in 
a  moid  ^ir ;  it  fuflfers  fpontaneous  calcination  in 
beat;  it  liquefies  in  the  fire,  again  grows  dry, 
and  then  fufes.— The  tafte,  bitter  and  cold. 

The  form  irregular  hexagonal  prifms  ;  two  op- 
pofite  fides  broader,  the  apices  oblique,  formed 
of  two  planes,  confifling  of  the  two  oppofite  nar- 
row fides  of  the  prifm,  inclined  to  each  other  in 
a  manner  refembling  the  roof  of  an  houfe. 

Nitrated  vegetable  Alkali;  vulgo  cofnnwn  Nitre, 
(fi)  100  parts  contain  49  of  pure  vegetable  al« 

(x»)  loogralnsy  perfef^ly  dry,  contain  29*  is  of  mere 
vitriolic  acidy  4>^9  6  of  mere  alkali,  and  22,  28  of  water. 
-—In  cryftals  they  contain  ij,  19  of  vitriolic  acid,  21,  87 
of  alkali,  and  64, 94  of  water.     B* 

(n)  100  grains,  perfedly  dry,  contain  30,  ^6  of  actdt 
66  of  alkali,  and  3,  14  of  water. — In  cryftalsi  they  cootaiB 
29>  89  of  acid>  63,  97  of  alkali,  and  6»  14  of  water.    B. 

kali. 
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^U  33  <>f  nitrous  acid,  and  18  of  water;  one 
part  requires  7  of  water,  but  of  boiling  water 
Icaroe  liiore  than  i.  Ihe  tide,  acrid,  bitteri(h» 
cold ;— *it  neither  deiiqucfces  nor  efflorefces ; — it 
detonates  with  ignited  phlogifton. 

llie  form  prifmatic,  hexagonal,  often  ftriated. 
The  apices  hexagonal^  pyramidal,  generally  ob* 
fiqudy  truncated. 

Sallied  vegetable  jflkdil ;  vulgo  Sal  digejiivus 
Sylvii. 

(p)  106  parts  Contain  6\  of  pure  tegetabte  al- 
kali, 3 1  of  marine  acid,  and  8  of  water ;  i  part 
requires,  for  folution,  3  parts  of  water  in  a  mo- 
derate temperature  ;  of  boiling  water  2.  The 
taftc,  &lt  and  acrid ;  it  neither  fuflfefs  dcliquef- 
cence,  nor  fpontaneous  calcination ;  it  decrepit 
tates  in  the  fire,  and  fufes. 

The  form  cubic,  fometimcs  prifmatic,  qua- 
drangular, perpendicularly  truncated. 

SfiHted  mineral  Alkali;  vulgo  Sea  Salt^  or  Muria* 

^p)  100  parts  contain  42  of  pure  mineral  al- 
kali, 

{g)  100  grainsi  perfeQlj  dry^  contain  29, 66  of  add, 
6$,  47  of  alkali,  aod  6,  14  of  water  ^  but  when  cryftallized 
tkey  contain  7,  85  of  water.     B^ 

(/)  100  grains,  pcrfeftty  dry,  contain  nearly  35  of  real 

acid,  53  of  alkali,  and  13  of  water.     log  grains  of  tht. 

M  a  r^ftalt 


i8o        OFTHE  ANALYSIS  OF  WATERS* 

kalr,  52  of  marine  acid,  and  6  p(  water.  One 
part  in  a  moderate  heat  requires  a^^of  water» 
of  boiling  water  a|4*  ^^^  tafte,  fak. — It  fufim 
neither  deliquefcence  nor  fpontaneous  caldnattoo; 
it  decrepitates  in  the  fire,  then  flows. 
The  form  cubic. 

Fitriolated  Lime  ;  vulgo  Gypfum. 

{q)  100  parts  contain  32  of  pure  lime,  46  of 
vitriolic  acid,  and  22  of  water.  One  part  re- 
quires of  water  at  a  moderate  heat  500,  of  boil- 
ing water  450.  '1  he  taftc,  earthy,  fcarccly  fcqfi- 
ble.  It  fplits  in  the  fire ;  and  in  a  very  intcnfc 
hrat  it  fules. 

The  form  fpathaceous  or  odaedral;  the  two 
oppofite  apices  deeply  truncated,  fo  as  to  reiemble 
a  table  with  a  cuneiform  margin. 

Fitriolated  Magnefia ;  vulgo  Sal  catharticus 
amarus — Epjom  Salt. 

(r)  100  parts  contain  19  of  pure  magnefia,  ^i 

of 

cryftaU  contain  33, 3  of  acid,  50  of  alkali,  and  i6»  7  of 
water.     B. 

(^)  The  proportion  of  ingredients  in  natural  gypfun 
iraries,  but  of  artiBcia)  100  grains  are  eftimated,  bjlb 
Kirwan,  to  contain  1^2  of  earth,  29,44  of  acid,  and  38,56 
of  water  ;  when  well  dried  it  lofes  about  34  of  water,  and 
therefore  contains  42  of  earth,  39  of  acid,  and  1 9  of  watCTi 
f^r  centf    B. 

.    (r)  ^00  gtains,  pcrfcftly  dry",  contain  45,  67  df  mere 

Yitriob*« 
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"of  vitriolic  acid,  and  48  of  water.  One  part  re- 
quires t  of  water  at  a  moderate  heat^  of  boiling 
urater  fcarce  ^  The  tafte  exc^fEveiy  bitter,  and 
Ibmewhat  cold ;  it  fufiers  fpontaneous  calcinaion 
in  heat ;  in  the  fire  it  foams,  grows  dry,  s^nd  fiifesr. 
The  form  prifmatic,  tetragonal^-  with  pyrami- 
dal quadrangular  ajMccs.  /    •. 


Fitriolated  Clay  ;   vulgo  Alum. 

{/)  100  parts  contain  18  of  clay,  38  of  vitriolic 
acid,  and  44  of  water;  1  p>rt  requires  3Q  of  ^a- 
ter  in  a  moderate  heat,  of  boiling  water  4*  The 
tafte  fwcrtlfli,  aftrlngent ;'  it  fuffcrs  neither  deli- 
quelc^ec  nor  calcination  J  in  the  fire  it  foams, 
drie^,.  and  grows  hard. 

The  fprm  oftaedral. 


Nitrated  Lime. 

(f)  166  parts,  well' dried,  cotitain  32  of  pure 

•     /  *  "  '■       '     . 

TitriQ}x€'aci4*  36^  (4  of  pure  earth»  and  X7»  83  of  water: 
in  cyyftal$  they  contain  23^  75  of  acidr  19  of  earth,  and 
57,  ZS^  of  water.     B. 

(/)  100  grains,  perfectly  dry,  contain  47,  74  of  acid,  32, 
14  of  earth,  and  25,  02  of  water  ;  in  cryftak  they  contain 
23,  94  of  acid,  18  of  earth,  and  58,  06  of  water.     B. 

(/)  100  grains,  carefully  dried,  contain  33,  28  of  acid, 
32  of  earth,  and  34,  72  of  water.    B. 

M  3  limej 
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lime ;  the  water  is  not  eafily'afcertained,  as  a  put 
of  the  acid  is  alfo  expelled  by  calcination ;  it  is 
probable  that  it  amounts  to  25  at  leaft,  and  if  fo, 
the  acid  will  be  43 :  it  deliquefces.  The  tafte  c&.- 
tremely  bitter  and  acrid ;  alcohol  diflblves  il»  and 
by  ebuHitioa  takes  up  its  own  weight:  it  canno| 
be  reduced  to  the  fqrm  of  permaifcnt  cryftalf  • 

Nitrated  Magnejia. 

(v)  100  parts,  well  exficcated,  contain  27  of 
pure  magncfia ;  fttting  down  the  water  at  30, 
which  in  this  cafe  it  rather  fcems  to  exceed,  the 
acid  will  amount  (o  43 :  it  d(?liquefce8,  yet  may 
be  obtained  in  the  form  of  oblique,  truncated,  te- 
tragonal, prifinatjc  cryftals ;  but  they  fbon  agaia 
dcliquiate:  the  tafte,  extremely  bitter,  acrid:  i 
part  in  a  moderate  heat  requires,  for  folution,  9 
parts  of  alcohol. 

Salited  Lime j  vulgp  Fijced  Sal  AmmptfiaCp 

(u)  100  parts,  well  exficcated,  contain  44  of 
pure  lime ;  fuppofmg  the  water  to  be  2^,  the  ma- 
rine acid  will  be  3 1 :  it  deliquefces,  and  cannot 
he  reduced  to  permanent  cryftals.    The  tafte  cxr 

{v)  too  grains^  well  dried*  contain  35,  (S4  of  acid,  27 
of  pure  earth,  and  37,  36  of  water.     B- 

{u)  '  o^  grains,  well  dried*  contain  42*  56  of  acid,  38 
4of  earth,  and  19,  44  of  water.    B« 

tremdy 
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tremdy  bitter:  boiling  fpiiitof  wine  difiblireiks 
own  weight  of  this  iak. 

Saiited  Magnefia. 

(w)  100  parts,  well  cziiccated,  contain  41  of 
pore  magnefia ;  fuppofing  the  water  to  be  25,  the 
marine  acid  will  be  34 ;  in  deliquefcing  it  attrads 
0,66  of  water :  1  part  in  a  moderate  heat  requires 
5  parts  of  alcohol :  The  tafte  extremely  bitter. 

(x)  yitriolated  Copper  ;  vulgo  blue  VltrioL 

100  parts^  cryftallizedy  contain  26  of  ooip^^ 

46  of  vitiiolic  acid,  and  28  of  water.    The  tafte 

acefeem,  aeruginous,  cauftic;  it  calcines  in  heat : 

.1  pvt)  in  a  moderate  heat,  requires  nearly  4,ff 

water,  but  of  boiling  water  niuch  Ie&. 

Tlie  figure  comprcfled,  hexagonal,  prifmatiey 
obliquely  and  parallelly  truncated  on  both  fides. , 

Fitriolated  Iron;  vulgo  green  FitrioL 
(j)  loD  parts  contain  23  of  iron,  39  of  vitrio* 

(4»)  or  tkit  Ut  Bfr  Kirwan  «Srii%  that  k  cannot  fair 
tokrably  drkd»  without  lofing  nnidi  of  iu  actd*  togcthct 
«tth  tbe  water.    B.  j 

(x)  100  grains  contain  37  of  copper,  30  of  add,  aa4 
43  of  water;  of  which  it  lofcs  abont  28  by  eya|)oration, 
or  flight  calcination.     B. 

(jp)  100  grains  of  this  fait,  li  cryftals,  contain  15  iX 
1^0%  ao  of  real  acid,  and  55  of  water,    B. 

M  4  ^ 
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lie  acid,  and  3 8. of  water:  in  moderate  hcat,-*i 
part  requires  6  of  water,  of  boiling  water  i  1  in 
heat  it  fplits  into  a  yellow  powder,  in  the  fire,  in- 
to a  ferruginous  powder.  ITie  taftc  accfccnt^ 
ftyptic,  cauflic* 

THe  form,  fpathapeous:  when  d^pblogifticated 
\i  depofits  a  portion  of  calcined  iron ;  tbe  ferrugi* 
nous  deliquefcent  refiduum  is  readily  taken  up  hf 
fpirit  of  wine. 


.    .  Ifitriolated  >Zinc  ;  vulgo  tvhite  f^itriof. 

*(2r)  100  parts  contain  20  of  zinc,  40  of  vitrio- 

^ lie  acid,  and  40  of  water;  in  a  moderate  heat, 

1  part  requires  more  than  2  of  water,  but  muA 

lefs  of  boiling  water.    1  he  tafte  acefcent,  aftria* 

gent,  cauftic. 

'     llif  form,  tetragonal  prifmatic,  terminated  by 
tetragonal  pyramidal  apices.         -    '  '- 

The  advantage  of  knowing  the  proportion  of 
the  conftituent  principles  is  fignal  and  extenfive  i 
•rnthu^^  for  e> ample,  fuppofe  the  weight  of  the 
magncfia  precpitated  (b,  3)  to  be  equal  m,  then 
^'*  ^V«r  «n  =  quantity  pf  vitriolic  acid  neccffary 
for  faturating  it  {  and  44  m  =  vitriolatcd  magnefia 
arifing  from  thence  —  45  •  tv  ^^  indicates  ihc 
Winght  of  that  Vitciolated  mineral  alkali,  which  is 

"^^  U)  100  l^Qt  contali^  20  of  zincy  22  of  acid,  and  58 
^{  water.     B» 


produced 
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produced  by  precipitating  the  vitriolatcd  magncfia 
l^y  means  of  mineral  alkali  —  |J  •  -it  •  tVs-  =  ^^c 
pure  mineral  ialkali  neceflary  for  that  precipita- 
tion ;  and  *4 :  44  •  tt  "*  ==  ^hc  aerated  alkali  ne- 
ceflary for  the  fame  purpofe.  In  the  prefent  cafe 
m  is  given,  and  hence  all  the  formulae  are  eafily 
determined*  In  like  manner,  on  other  occafions, 
the  caufes  are  found  fo  conneded,  that  one  phae* 
Domenon  being  given,  mauy^  others  are .  inunedi- 
ately  fuggeftedL'  ' 

§  XII.    Analyfis  is  to  be  confirmed  by  Synthefis. 

When,  by  the  experiments  above  propofed  and 
.defcribed.1  the  feveral  heterogeneous  matters  are 
determined,  as  to  quantity  and  quality,  and  re- 
.  duced  by  accurate  analyfis  to  perfed  certainty, 
nothing  remains  but  to  unite  with  pure  water  aU 
the  fepar^tcd  maters  in  due  proportion :  if  thea 
the  water,  thus  treated,  exadly  and  perfcdUy  rc- 
iembles  the  water  which  has  been  eicarmineds  it 
mud  aSbrd  an  irrefragable  argument  that  the  ana- 
lyfis has  been  properly  conducted. 

tit  is  indeed  but  rarely  neceflary  to  examine  al^ 
waters  with  the  extreme  accuracy  above  dcfcribed; 
but  as  the  queftion  was  concerning  thp  art  of  ex- 
amining waters  in  general,  no  circumflance  whic)i 
has  any  relation  to  the  fubjed  could  properly  be 
oinitted,  as  all  fuch  may,  in  certain  cafes,  be  uf(:« 
fui,  nay  aitogettier  neceflary. 

S  xin, 
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S  XIII.     The  SekCiion  and  CarreHianof  fTa- 
ters. 

Waters,  with  rcfpcd  to  their  ufe,  may  be  dhri- 
ded  into  four  claffes  :  ift,  Thofc  which  may  with- 
out difficuky  be  applied  to  ijaily  ufe,  fuch  are, 
good  fountain,  river,  and  lake  waters.  2d,  Thofe 
which  may  indeed  be  ufed,  but  yet  are  attended 
with  certain  inconveniencies,  unle6  previoufly  pu- 
rified by  fome  means  or  other  :  to  this  cla&  be* 
long  hard  waters  as  they  are  called,  and  ftagnaot 
waters,  which  have  not  fufEcient  motion.  3d, 
Thofe  which,  on  account  of  their  contents,  can- 
not be  daily  employed  for  the  purpofes  of  life,  but 
are  ufrti  at  certain  times,  and  under  certain  rcgtt- 
latimis,  again  ft  infirmities  and  difeafes ;  fuch  are 
the?  medicated  waters.  Finally,  4th,  Thofe  whicb, 
on  account  of  the  nature  and  quantity  of  their  he- 
terogeneous matters,  arc  feldom  or  never  ufed  in* 
temally  but  ncverthelcfs  may  in  other  refpefis  be 
extremely  ufeful. 

(a)  It  is  unneceflary  to  beftow  much  labour  up* 
on  ihc  firft  clafs,  as  daily  experience  evinces  it  to 
be  harmkfe,  and  therefore  not  to  require  any  cor- 
rection^. In  proportion  as  water  is  rendered  \A 
turbtd  by  acid  of  fugar,  fixed  alkali,  or  folutioto 
of  filver,  it  is  the  more  puie,  and  with  the  greater 
•jiiftice  referred  to  the  firft  clafs 

(b)  Ihe  fccond  clafs  is  rendered  very  turbid, 

by 
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i>y  Iblutian  of  fogar,  or  of  fixed  att:altne  fait,  and 
is  confidcred  as  the  more  impure  in  proportion  to 
^  quantity  of  precipitate. — ^Thefe  waters  are  au« 
(lere,  with  a  ftyptic  difagreeable  earthy  tafte ;  they 
ire  apt  to  occafion  obftrudions ;  and  a  long  conti- 
nued ufe  of  them  appears  to  be  unfafe. 

Thefe  are  much  lefs  fit  for  obtaining  extra£U 
from  folid  fubftances  than  the  former  clafs,  and 
are  therefore  much  lefs  efficacious  in  brewing,  ia 
diftilfing,  in  preparing  dccodion  of  coffee,  or  in- 
fufion  of  tea,  and  many  others  ;*-4or  the  waffling 
of  linen,  thefe  waters  are  more  or  lels  unfit,  part- 
ly becaufe  they  do  not  eafily  difl'dve  the  impuritiesy 
partly  becaufe  they  decompofe  the  foap,  and  ren« 
dcT  it  unfit  for  the  purpofe.  Hard  waters,  for  the 
reafons  above  mentioned,  are  totally  ufeleis  in  the 
Ueaching  of  linen ;  they  are  alfo  unfit  for  boding 
peafe,  beans,  and  other  pulfe,  as  they  neither  ma* 
terate  nor  make  them  foft — the  fame  is  ofafenred 
of  old  and  hard  flefh. 

For  the  purpofes  of  preparing  hemp  and  flax 
by  putrefadion,  thefe  waters  are  the  lefs  ufeful, 
as  it  is  certain  that  they  pofTefs  an  antifeptic  power ; 
hence  fubftances  immerfed  in  them  preferve  their 
ftrength  and  texture  longer  than  they  would  do  in 
better  water.  This  circumftance  affords  a  hint 
for  trying  whether  thefe  waters  may  not  be  ufe« 
foDy  employed  in  long  voyages,  as  they  can,  up- 
pn  occafion,  be  eafily  made  fit  for  ufe.  Tin,  in 
general,  grows  blacK  with  waters  of  this  fort; 

?b?y 
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they  have  been  thought,  by  fomc  perfond,  to  be 
unfit  for  the  watering  of  plants  ;  hut,  as  far  as  can 
be  conjedurcd,  they  ihould  be,  in  this  intentioi^ 
not  only  harmlefs,  but  fmgularly  ufeful. 

Waters  endued  with  thefe  properties  are  called 
hard ;  and  in  fuch  waters  their  cScQts  arc  chiefly 
produced   by  an  abforbent  earth,  united  with  an 
acid  :    if  the  aerial  acid  be  the  menftruum,  boil- 
ing alone  is  fufficicnt  to  corred  the  water.    As  this 
fubtile  acid  is  expelled  by  heat,  tjic  earth  which 
had  been  fufpended  ,by  it  is  no  longer  Iblubie  in 
the  water,  and  therefore  precipitates,  and  all  the 
'  xnitiute  particles  attach  themfeives  to  the  inequali- 
ties of  the  fubftances  they  mieet  with^  and  adhere 
firmly;  hence  it  is  that  tea-Jcettles  are  generally 
in  a  fliort  time  covered  with  a  cruft  of  abforbent 
earth ;  and  hence  too  it  happens  that  th^  furfacc 
of  pulfe  is  obQjruded,  fo  that  the  water  cannot  pc^ 
netrate  them*.    The  hardnefs  of  waters  which  de- 
pends upon  this  circumftance  is  of  little  confe* 
quence,  as  it  may  be  cprreded  fimply,  by  boil- 
ing and  cooling  :  but,  in  or^er  to  'make  it  agrpc- 
able  to  the  palate  after  the  deposition  of  the  c^Iot- 
reous  matter,  it  muft  be  expofed  to  the  open  air^ 
in   broad  (hallow  veiTels,   by  which  it  recovers 
from  the    atmpfphere  a  po|rtion  of    die  ae^iaiji 
acid.  ^ 

.  But  if  the  abforbent  earth  be  fufpended  by 
means  of  any  other  acid,  it  is  not  fo  cafily  feparated : 
find  it  is  then  particularly  that  it  occafions  nianv 
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•f  the  above-mentioned  inconveniences.  The  dc- 
compofiiion  of  the  foap  takes  place,  becaufe  the 
alkali  unites  more  willingly  to  the  mineral  acid  of 
fhe  middle  earthy  fait,  than  to  the  oil,  which  there* 
fcnc  is  expelled,  and  being  tnfoluble  by  itfelf,  is 
coUcSed  at  the  furface  of  the  water  in  the  form  of 
drops  or  of  a  floating  membrane. 

The  other  efFe^  are  occafioned  either  by  the 
^middle  fait  itfelf,  or  take  place  from  hence,  that 
during  the  boiling  a  part  of  the  menflruum  flies 
off,  upon  which  the  dcfertcd  bafe  clofely  attaches 
kfidf  to  fuch  bodies  as  it  meets  with.  This  diC- 
fipation  readily  happens  to  the  nitrous  acid,  whe- 
ther united  with  lime  or  magnefia,  as  alfo  to  the 
Hiarme  acid,  when  united  with  magnefia. 

This  fpecies  of  hardnefs  cannot  be  correded  by 
boiling  alonCf  but  may  be  removed  by  a  fixedaU 
kali^  which  precipitates  the  earthy  bafe.  For  this 
purpoie,  let  a  folution  of  pot  aflies,  or  any  othet 
alkaline  &lt,  be  poured  into  the  water,  fo  long  as 
it  occafions  any  turbidnefs  :  after^  the  precipitate 
has  £illen  to  the  bottom,  it  muft  be  tried  whether 
any  turbidnefs  is  occafioned  by  the  addition  of 
more  alkali ;  when  no  more  is  found  to  fall,  we 
may  eafily  determine  what  quantity  of  alkaline 
lalt  any  given  water  requires,  by  weighing  the 
alkali,  and  its  folution^  previous  to  the  experi- 
ment. Fmally^  let  the  water,  thus  purified,  be 
deeanted  off  from  the  fcdiment,  or,  if  ncceflary, 
filtered* 

Stagnant 
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Stagnant  waters  are  liable  to  corruption  in  warm 
weather,  and  afford  lodgement  to  millions  of  in- 
fects. Ihis  inconvenience  is  obviated  in  the  fouth- 
em  parts  of  Europe,  by  a  fort  of  fandy  ftonc,  call, 
cd  filters.  The  water  to  be  ufed  for  the  prepara- 
tion of  food,  or  for  drink,  is  made  to  pafs  through 
thefe  filters ;  and  is  thus  freed  from  all  fuch  hete- 
rogeneous matters  as  are  not  united  with  it  in  the 
way  of  folution 

(c)  The  cold  medicated  waters,  which  pofleis 
peculiar  power  and  efficacy,  contain  a  much  larger 
quantity  of  aerial  acid  than  the  common  waters; 
and,  in  general,  their  excellence  is  chiefly  derived 
from  the  quantity  of  their  fubtile  acid  :  however, 
as  they  are  feldom  or  never  without  a  mixture  of 
other  faline  fubftances,  it  is  by  thefe  that  their  pe- 
culiar cffefts  are  fpecifically  determined  :  for,  tho' 
the  Seltzer  and  Pyrmont  waters  contain  a  large 
'  proportion  of  the  aerial  acid,  no  one  eflimates  their 
efficacy  by  the  quantity  of  aerial  acid,  it  being  ra- 
ther dependent  upon  groffer  fairs ;  though  thcfc 
latter  are  certainly  vivified  by  this  true  mineral  fpi« 
rit,  and  from  it  receive  a  more  adivc  and  pene- 
trating power.— The  method  of  determining  the 
quantity  of  this  volatile  acid  contained  in  waten 
has  been  explained  (viii.  a.  b). 

Cold  medicated  waters  in  general  may  be  divi* 
ded  into  fuch  as  are  impregnated  with  iron,  and 
fuch  as  are  deftitute  of  that  metal ;  and  hence  a* 
rifes  a  conliderablc  difference  with  refped  to  thdr 

ttfe. 
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ule.  BelideSy  there  are  many  chalybeate  waters 
which  cont^n  iron,  either  totally  or  partially  dif- 
iblvcd  in  vitriolic  acid  :  iiich  waters,  when  only 
moderately  inipregnated,  may  in  feme  cafes  be 
fttccefsfblly  ufed,  but  are  for  the  moft  part  impro- 
per^  and  fometimes  highly  pernicious ;  therefore, 
as  the  number  of  chalybeate  fprings  is  very  great, 
it  is  of  much  confequence  to  be  able  to  diftinguifli 
the  good  from  the  bad,  the  wholefome  from  the 
noxious  :  it  would  be  extremely  advantageous  to 
cftabiifli  certain  charaderiftic  marks,  by  means  of 
which,  without  any  artificial  apparatus,  without 
any  operofe  experiment,  and  without  a  knowledge 
of  chymiftry,  we  may  in  any  cafe  readily  difcover 
whether  a  chalybeate  water  may  be  faftly  ufcd  or 
notr— llie  following  obfervations  will  be  found 
particularly  ufrful  for  that  purpofe : — 

Let  about  half  a  kanne  of  the  water  to  be  exa- 
mined  boil  vehemently  for  about  a  quarter  of  an 
hour,  in  a  (lone  vcflel ;  let  it  then  be  re  noved 
from  the  fire,  and  cooled ;  this  being  done,  let  a- 
bout  T  of  the  water  be  poured  out  into  a  glafs  vef« 
id  ;  and  aui  2,  4,  or  at  mod  6  drops  of  tindure 
of  galls  (vi  I.  I/)  If,  now,  no  purple  or  violet 
tinge  is  produced — if  no  blacknefs  appears,  even 
after  (landing  for  fome  hours,  this  is  a  favourable 
Cjgn,  aflbrding  fufHcicnt  proof  that  the  fpring  is  of 
m  good  quality,  and  truly  acidulous ;  but  if  the 
vmiolic  acid  be  the  metiflrttum^  it  depolits  an  o- 

chre 
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chrc  upon  boiling,  without  lofing  its  power  on  «• 
(Iringcnts. 

There  occurs  alfo  a  third  cafe,  namely,  whefe 
the  iron  is  partly  diiTolved  by  aerial  acid,  partly  by 
vitriolic  acid  :    Suppofing,  then,  the  quantity  of 
the  latter  to  be  fo  fmalL  that  when  the  former  is 
feparated  by  boiling,  the  water  has  no  fenfible  efc 
{c&  upon  tinfture  of  galls  ;  there  will  in  this  cafe, 
it  is  true,  be  prcfcnt  a  vitriol  of  iron,  but  in  fiur 
lefs  proportion  than  that  of  three  grains  to  a  kanne 
(vii.  d),  fo  that  it  is  free  from  any  noxious  qua^ 
lity;  and  even  this  minute  portion  may,  if  necef- 
lary,  be  eafily  made  vifible ;  for  let  the  water  be 
boiled  until  only  a  twentieth  part  remains,  add  then 
a  few  drops  of  tindure  of  galls,    and  it  will  in* 
ftantly  be  tinged. 

It  is  thus  that  the  hot  waters,  which  are  re* 
markable  for  efficacy,  abound  either  in  atmofphe- 
ric  acid,  as  the  Caroline  waters  in  Bohemia,  or 
with  hepatic  vapour,  as  thofe  of  Aix.  Waters 
containing  the  groffcr  falts,  without  any  elaftic  va- 
pour, without  a  vivifying  principle,  are  as  it  were 
dead ;  and,  if  not  entirely  inertj  are  at  Icaft  heavy, 
and  of  fmall  virtue. 

In  general,  the  various  medicated  waters,  bodl 
hot  and  cold,  contain  fixed  principles  in  a  proper- 
tion  fo  fmall,  that  they  may  be  rendered  fit  fordo- 
medic  ufes,  only  by  boilmg  and  cooling,  if  fear- 
city  of  other  water  (hould  render  that  proccfir  ne* 
ccflary. 

If 
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'  If  a  water  b^  rendered  unfit  for  ufe  by  the  ad« 
mixture  of  a  fmall  quantity  of  metallic  lalt,  this 
may  be  removed  by  a  fixed  alkali  hi  the  mannaf 
defcribed  (b);  but  if  it  be  in  large  quantity,  this 
inconvenience  is  occafioned  by  the  correcting  it, 
namely,  that  another,  though  a  more  innoxious 
falt>  fuccecds  to  the  firft.  Thuj,  when  a  vitriol 
is  precipitated,  there  arifes  a  vitriolated  vegetable 
alkali,  which,  though  of  a  weaker  tafte^  yet  ocj> 
cafioQS  a  degree  of  bittemefs,  greater  or  leis,  ac- 
cording to  its  quantity  :  however,  this  fait  does 
not  produce  any  noxious  cSc&s  in  the  human  bo- 
dy, but  is  reputed  a  gentle  purgative ;  nor  does  it 
prevent  the  water  from  being  converted  to  a  great 
number  of  nfrs :  hence  it  appears,  that  a  water 
contaminated,  even  by  a  vitriol,  may,  in  cafes  of 
urgent  neceflity,  afford  an  uicful  fupply,  by  means 
of  the  remedy  juft  defcribed. 
«  (d)  Waters  which  contain  a  large  quantity  of 
any  neutral  lalt,  fuch  as  vitriolated  tntneral  alka^ 
fi,  common  ialt,  &c.  or  any  noi^ious  metallic  fait, 
fuch  as  green,  blue,  or  white  vitriol,  are  unfit 
bodi  for  internal  and  domeftic  ufes,  though  the 
fuhftances  with  vvhich  fuch  waters  are  loaded  may 
beadvantageoufly  coUe6:ed,  and  applied  to  other 
lifes. 

Sea-water  has  not  only  the  ftrong  tafle  of  com^ 
>non  lalt,  and  the  bitter  one  of  falited  magnefia^ 
W  occafions  a  very  fingular  naufea,  which  is  fre- 
quently attended  with  vomiting*    This  naufeous 

VoJL.  L  N  ingredient 
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ingredient  is  not  to  be  found  at  all,  or  but  tfirf 
littk,  in  fea-water  taken  up  at  the  depth  of  fiitf 
fathom,  as  experiments  made  upon  Water  takcfl 
up  at  that  dq>th  evidently  (hew ;  the  tealbn  per<» 
haps  is,  that  the  immenfe  quantity  of  fiih,  wormsi 
and  other  animals,  which  inhabit  in  the,  oce»i 
dying,  are  gradually  carried  lip  to  the  furfiMe,  and 
there,  by  the  afliftance  of  the  air,  tee  deftroyed 
by  putreiaftion,  (at  Icaft  this  is  the  cafe  »tb  bA 
parts  of  them  as  are  foluble  in  water)^  and  dw 
putrefafUve  procefs  is  much  aififted  by  die  fik 
which,  at  the  furface,  is  prefent  in  |irccifely  die 
quantity  neceflary  to  promote  that  operation. 

To  render  fea-water  fit  for  the  ufes  of  mari- 
ners is  an  art  long  wiflied  for,  and  of  die  btgfaeft 
moment.  That  which  is  taken  up  at  the  depdi 
of  fixty  fathoms,  or  more,  on  account  of  itt  ex* 
treme  (altnefs,  is  indeed  unfit  for  allaying  thirft ;  bof 
when  mixed  with  an  equal  quantity  of  firefii  wtter, 
may,  beyond  doubt,  be  very  ufefuUy  applied  to 
the  preparation  of  food,  as  it  thereby  &Tes  oat 
half  of  the  dock,  of  frcfh  water. 

That  water  which  is  found  at  the  fufface  M 
only  be  rendered  fit  for  drink  by  diftillitioD,  n 
recent  experiments  hare  ihewn.    Msiny  dtffiaetf 
forts  of  apparatus  have  been  contrived  for  this  fi9^  I 
pofe  i  and  even  the  vapout  arifing  from  the  vdlHi  I 
in  which  food  is  prepared  has  been  emptoyed*  Jk  I 
mod  fuitable  apparatus  for  tbis.purpofe  is  focbl^  | 
Will  at  once  yield  the  greateft  poflible. quantity  of 

.wafer, 
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tvater,  and  require  the  fmalleft  quantity  of  fuel : 
but  this  18  not  to  the  prefent  purpofe  i  fuffice  it  to 
iff  J  thatti&-^x«t!^  ^(IHIed^  and  tbbn  ejtpofed  to 
db€  air,  becomes  agreeable  and  wholefome } — that 
^ich  firft  comes  over  fhould  be  thrown  aWay,  if 
h  contains  any  thtng  putrid.  Some  part  of  the 
marine  acid  will  be  difengaged  by  violent  and  long 
cominued  boiling ; — but  this  inconvenience  may 
be  Afity  avoided,  by  adding  at  die Ibe^inning  a 
little  pot-afhci,  which  decompo&s  the  ialited  niag- 
Bcfiau 
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WATERS  OF   UPSAJL 


TiiSfx  funt  aqu(t,  quaks  terra  per  quam  Jbinni* 


§  t.     Good  Springs  are  to  be  met  with  in  fftti 
plenty^  at  Upfal. 

WHOLESOME  water,  in  fufEcient  pfcatfr 
is  one  of   the  greatefl  advantages  ^ 
place  can  poflefs,  and  tlvp  mod  likely  to  ioditf   ' 
people  to  fettle  in  it ;  bccaufe  water  is  among  A( 
mod  indifpenfable  neceflaries,  not  only  for  itft 
and  animals  cooped  up  in  a  fmall  fpace,  but,  VsJ^ 
wife  for  a  fmgle  family,  however  fmall  it  may  kf 
fo  that  fcarcity  or  the  bad  quality  of  water,  cs^ 
pofes  them  to  numberlefs  inconvcniencies.  ^ 
any  city  in  Sweden  may  boaft  of  being  fiwtOB** 
in  this  refpcdt,  it  is  certainly  Upl^l ;  for,  h0^  \ 
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the  rhrer  which  runs  through  it,  there  are  fcveral 
nrcrnrm  fprings,  and  Tcry  good  wells.  As  it  is 
■qiortant  to  know  the  Tabftances  contained  in 
dnn,  I  will  rdate  fome  experiments  made  with 
ihit  iriew;  but,  to  avoid  too  tedious  a  detail,  I 
biD  only  fpeak  of  the  moft  remari^able,  fuch  as 
ur  common  to  the  whole  city,  overlooking  the 
odiers^  of  which  each  fenres  only  a  fingle  family. 
—I  flud  then  confine  myielf  to  the  examination 
of  die  fix  following. 

I.  The  fpring  belonging  to  the  citadd  rifes  at 
die  bottom  of  the  hill  on  which  that  fortrels  is 
Mk ;  this  eminence  confifts  of  land ;  its  eleva* 
ioauof  100  Swedifli  feet  above  the  level  of  the 
tiver  ;  k  extends  on  each  fide  to  a  great  diftance 
bom  the  city ;  it  has  various  heights  and  wind^ 
np,  being  femetimcs  low,  and  as  it  were  creep- 
Bf  ,  at  others,  rifing  to  a  confiderable  height. 
Thk  bin  fuppHes  all  the  water,  not  only  of  the 
ipriog  in  the  citadel,  but  of  the  other  fprings  and 
«ds  to  the  ibuth  of  die  river,  except  that  men* 
tionedintfae  6thfeffion.  Frdh  ones  may  eifily 
be  firand,  by  finking  at  its  foot. 

TUs  fpring  was  almoft  fbrfidcen  till  within  thefe 
fev  years  ;  and  as  it  was  expofed,  it  became  gra<> 
hi%  fall  of  impurities,  which  obibruded  its 
•das}  fo  that,  in  February  1767,  it  was  almoft 
ky^mueh  Ids  fain  than  ufual  had  fallen  the  pre- 
3Bfii^  autumn.  It  however  again  made  its  ap- 
pearance J  but  the  ftrongeft  branches  opened  an* 
:       T  N  3  othrt 
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other  ifiue  nearer  the  river,  \(rhcre  %  ftone  hfkin 
was  made  for  it,  with  the  addition  of  a  noli  ai)4 
where  it  furnifhes  water  of  a  quality  fupenor  Ift 
all  the  other  fpringg. 

a.  The  fpring  that  rifes  near  the  n^iH  of  tbft 
Univerfity  was  defended  by  walls  during  tbd 
whole  of  the  17th  century;  but  they  went  4o 
ftroyed  in  1702,  at  the  time  of  the  fire,  .nthidi 
confunicd  great  part  of  the  city^  As  it.  Illra$  tc^ 
glefted  afterwards,  it  was  obliged  to  bear  its  ws^ 
ters  to  another  place,  where  it  was  ^g9^n  Air- 
toundcd  by  ftoncrwork  in  1 759.  As  it  is  tcry 
near  the  banks  of  the  river,  it  is  every  fpring  tti4 
autumn 'overflowed  by  the  floods  during  (oM 
days.^^!  (hall  call  it  the  mill-fpring,  though  it  i| 
ibmetimes  calle^St  Eric's  fouAtain« 

3.  The  Sandvik  fpring,  which  takes  its  name 
from  a  little  hamlet  in  the  neighbourhoodf  ^i.ifiii^ 
ated  at  the  diftance  of  about  I  of  a  mik  frotti  die 
city ;— it  rifesnear  the  river. 

In  1776  the  King  built  a  ftill*honfe  for  i^,&% 
ftillation  of  com  fpirit,  for  which  it  furndbes  a 
very  good  water  in  fuflicient  plenty :  iris  To  dam* 
med'up,  as  to  form  a  kind  of  lake. 

4.  The  w^l  which  has  obtained  th^  nstme  of 
Odin,  and. which  yet  is  not  of  fo  high  antiquiQf,  i| 
fituated  near  the  college  of  Guftavus ;  it  is  deep^ 
and  enclofed  with  ftones,  but  there  is  no  bed  to 
fronvey  away  the  water,  and  it  is  therefore  ncc^fc 
Ciry  to  pump  iu 

5n  Th« 
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-  5«  The  well,  wImcU  bears  the  naine  of.Xutby 
fermcrly  profeflor  of  divinityy  is  fitu^tcdiiathor 
•to  the  north ;  it  is  enclofed  with  fkoat ;  ai^d  they 
vfao  chufe  to  ufe  \tj  are  obligc4  to  r^e  it. 

6.  The  draw-well  (Jmteiu  tra^ariusy  to  namedt 
-far  r  know  not  what  reafon,  is  the  only  oni^ 
en  the  other  (ide  of  the  river ;  it  is  open  to  every 
body,  fievcrtheleis  is  (eldom  ufed,  unlels  fgr  ibnm 
purpofef 


f  f  !•  -  K4  Comparifan  cf  the  Pkyjical  J^ualitiff 
rf  the  Upfal  Waters. 

(a)  The  water  of  the  fpiings  is  as  lippid  as 
oryftal^i  the  wells  are  little  inferior,*  e:(cept  the 
Ikfa,  which  has  a  flight  opal  ti^ge,  but  )els  per- 
cqptible  than  the  river  water. 
-    (p}  Gp9d  water  ihonld  be  taftelefr :  the  fpring 
in  tfaf  citadel  excels  in  tins  refped ;  next  follow 
diolc  of  Sandvik,  and  the  mill ;  but  thefe  waters, 
tiioqgb  cxceVept,  imprefi,  upon  a  delicate  and 
jaBokA  palate,  fomewbat  of  an  earthy  favour. 
The  water  of  Odin's  and  Luth's  wells  is  agreeable, 
but  rather  lels  brifk ;  bccaufe  it  is  almoft  ftagnant. 
The  water  of  the  draw-well,  being  mor^  impreg* 
fated  with  eardi,  is  by  no  mcam  agr^seable  to  the 
tafte. 

(c)  The  temperature  of  the  fprings  is  at  6  du« 
ring  alqoft  the  whole  year;  in  the  dog-days,  it 
fcarce  increafcs  a^  or  3^ :  that  of  the  wells  is 

N  4  generally 
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generally  at  7.  The  water  of  the  river  foOowi 
the  changes  of  the  atmorphere* 
.  (d)  There  is  a  ftnali  difference  in  the  fpeciflc 
gravity— the  river  water  is  the  lightcft  of  all; 
next,  that  of  the  fpring  in  the  citadel.  Thdr 
weight  is  as  follows,  at  a  temperature  of  15**  (p)i 

Diftilied  water,              •  «  10,000 

Pure  fnow  water,  -            •     .    10,000} 

\Vattr  of  the  river,  *            •  10,001} 

o.f  the  fpring  in  the  citad^,  lOjpo^ 

j0s^r/^)Of  the  mill  fpring,  .    -  1 0,00a 

Igjv  I^^J^f  the  San^^^  .  10,002 

'-C-tlS.^  of  Odin's  well,  *             r  10,003 

of  Luth's  well,  -         •  10^003 

of  the  draw-well,  ^         r  iti,ou 

(e)  The  water  of  the  fprings  and  wells  is  ra- 
ther more  copious  in  very  wet  feafons  i  but  does 
not  dmiinifli  in  long  droughts.  The  miH-^priiig 
affords  3,900  kannes  every  hour,  or  3^^  ^^^ 
feet ;  that  of  the  citadel  lefs ;  ^ut  the  Sandyft 
fpring  much  more. 

S  III.    The  Principles  pftheje  If^a^ers^  co(^- 
ed  by  tvaporation. 

(a)  All  thefe  waters  depofit,  duryig  cbuHitiott, 
ifi)  (S^4apr43t  7  =  44«"45>  V^A  15  =  59 of  F^Bi 
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t  grey  powder,  which  in- 'time  forms  a  cmft  on 
lie  internal  furfece  of  the  Tcflcls.  As  moft  of 
Jiem  afford  only  a  fmall  depbfittony  it  is  not  ne« 
xSbvf  to  colled  it,  as  it  fcparates :  it  is  better  to 
xmtinue  the  evaporalbn  to  dryncfs.  Having  e* 
raporatedy  at  the  beginning  of  June,  after  a  long 
DOBtinuance  of  dry  weather^  6  kannes  of  .each  of 
thefe  waters,  I  found  the*  quantity  of  refiduum 
K>  be  per  kanne  as  follows  t 

grains. 
The  river  water,  >  •  8 

That  of  the  miU-fpring,  *  •  9^ 

of  the  citadel,  .  «  10 

of  the  Sandvik  fpring,  -         10' 

of  Odin's  well,  ^  -        11 

€t  Lttth*s  well,  -  «-        12^^ 

of  the  draw-well,  ^  *    5^ 

(b)  In  order  to  feparate  the  fidine  firom  the 
esrthy  part,  the  feveral  rcfidua  fhould  be  wafhed 
in  diftiUed  water,  dried,  and  weighed;  thenfome 
marine  acid  ihould  be  poured  on  the  earthy  mat* 
ter,  which,  in  the  prefent  inftance,  produces  a 
mdcnt  ejflfervefcence,*  and  difiblves  the  greater 
part;  what  b  not  diffolved  by  the  acids  cannot  be 
litfisd  by  itfelf  upon  coals  excited  by  the  blow-pipe, 
when  it  has  been  well  wafhed ;  it  refills  fafion 
after  the  addition  of  microcofmic  fait ;  borax  pro* 
duces  this  efled,  but  very  flowly ;  mineral  alkali, 
fsfcd  in  a  filvcr  fpoon  or  ladle,  attacks  it  with 

cffer^ 
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eServcGsence,  2nd  cqxnpktclj  ^Wdva  h}  the  m* 
fidaa  of  triib  river  water,  and  that  of  the  djaw^weU, 
mud  be  excepted  f  for  a  fcnall  porii^i>f  them 
remains  infoluble(/;) :  this^  therefore^  is  filkcow 
earth,  i^hich  although  it  is  fpeciiicsrfly  hoavier  tbao 
water,  fcems  to  have  been  fufpended  by  means  of 
its  tenuity ;  for  it  i^  poi(fibIe  that,  by  being  pul- 
verized, an  heavier  fubftance  may  be  made  to 
acquire  fo  much  furf^ce,  that  the  fridion  of  the 
water,  which  mud  be  overcome  before  it  can  fub« 
fide,  may  form  an  equilibrium  (o  the  excels  of  its 
weight.    Though  quartz  is  of  a.  truly  laUne  na- 
ture  (c),  yet  1  can.  fcarce  believe  that  it  is  diflbl* 
ved  in  fo  large  quantity ;  I  muft  not,  however, 
omit  to  remark,  that  it  cannot  be  feparated  from 
oor  waters,  either  by  filtration  or  Jieii;;  it  is  foun4 
among  the  aerated  calcareous  carihi  adhering  to 
tea-kettles. 

l%e  folution  in  the  marine^ acid  affords  only 
calcareous  earth  on  addition  of  alkali ;  whercfbit 
fiur  waters  contain  only  aerated  cahaureous  earlhi 
wd  a  little  quartz;  but  in  different. quaotitiei, 
as  we  (hall  foon  fee.  The  river  water,  and^tHit 
cf  the  draw-wpll,  are  befides  charged  with  a  litde 

.    (h)  In  the  fecond  Toliune  of  this  CoOeaion  wiB  bt 
^feund  ao  Eflay  on  the  Blow-pipe,  and  the  way  to  ufie  it* 

{e)  Here  the  author  refers  ty  the  12th  Differtatioo  of 
the  firft  volume ;  but  there  ^re  only  1 1*    It  is  the  ad  of 

'vol.  iU 


Aiy,  'ifl^rwe  fM  dtiat  ^  a^k^i  was  incapahlp 
^^iflblying^by  dioiB^  of  heat.  /—  .  • 

(c)  The  diftillcd  water  which  has  beca  pou(c4! 
Dflatbe  reiiduum  to  difToIve  the  ialine  part,  fur- 
nflies,  \}j  jTpoiHaA^iu  evaporation^  common  bk^- 
bfited  lime,,  and  vitriolated  fo0il  ^ilkali^  the  cal« 
cafeous  fea^lalt  may  be  (cpa^t^  by  HglAy  redi- 
6qd  fpirit  of  wine  (d).  TImq  \4i  ley,  vW^en  con» 
cp^trated  by  evaporation,  ft^otdl  Vjerjr  often  a 
litde  mineral  alkali,  which  ^  of  a  darktrd ;  but 
die  phlogifticated  alkali  doelB^t  |^yc  a  .blue  pre* 
dfitnc ;  the  water  of  the  djiw-wcHl  aflfords  more- 
Qfver  a  few  fiaiA  pdftna  of  mtre,  whicb  n^y  be 
blown  by  their  detonatbn  on  cbat!$:Qal:;.  and,  in-' 
ftead  of  Glauberfs  fait,  a  litde  fi^cait^^ 

;  (d)  In  order  to  Icam^  the  nature,  ^f  the  elaftic 
Buid  contained  in  tbcfc  waters,  I  boiled  a  certain 
fuanrity  ot  each  in  a  glafs  retort,,  pf  which  the 
ai4  of  the  neck  was  bent  upwards,  and  introdu- 
oed  under  a  little  phial  inverted,  and  full  of  mcr« 
rairy.  The  fluid  thus  obtained  h  part}))!  abforbed 
b|L  walefr  and  confequently  mufl;  be  aciial  acid ; 
the  remaijider:  is.  pure  airi  fit  fof  the  (iipport  of 
^(pudon  and.  refpiration,  It  is  obvious,  that  the 
qpumtity  of  common  air  remaining  in  the  upper 
pvt,  and  the  neck,  of  the  retort,  beforf  the  va* 
pours  begin  to  rife,  (hould  be  dedu£ted. 

(c)  Nearly  the  (ame   fubfta|ice$   arft  to    bo 

{J)  Scf  th^fi>ttj;ob^  Diilcrutiap,  j  z.  a.  f  xu  l. 

fouA4 
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found  in  alt  thefe  waters;  but  the  quantities di& 

fer. — ^The  following  are  what  they  contain  per 

kanne:— - 

graifit.' 

The  river-water  contains  of  aerated  cika* 
reous  earthy  -  -  ^ 

That  of  the  citadel-fpring,  •  5 

•  of  the  mill-fpring,  •  -        5I. 

of  Sandvik  fpring,  •  5^ 

of  Odin's  well,  -  •        5  j 

of  Luth's  well  -  -  6 

of  the  draw-well,  -  -        « 

The  river-water  contains  of  (iliceoQS  powder,  '  ^ 
of  the  citadel  fpring,  *        •       .^' 

of  the  miil-fpring,  •  -*        ^ 

of  Sandvik  fpring,  •  4 

of  Odin's  well,  -  •  ^ 

of  Luth's  well,  .  •  4 

of  the  draw-well,  •*  •*        1 

The  river-  water  contains  of  clay,  -  ^ 

Thedraw-weH,  .  -        1 

The  others,  •   •  •         o 

The  river*water  contains  of  conuxxm  (all,         i{* 
The  citadel-fpring,  -  ^ 

The  mill  fpring,  -  •      ^4 

Sandvik  fpring,  •  •        -i|: 

Odin's  wcU,  -  •  3-Ji 

Luth's  well,  -  •   •    •       3f 

The  draw-wclI,  •  -  184 

The  river-water  contains  of  falited lime,-  /-J 

The 
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The  citadel-fpring. 


gninpk 


mi 


t 


The  miUrfpring, 

The  Sandvik  fpring,            •        -  i 

;  Odin's  well,             .            '  -  f 

Luth's  well,            •            •        -  i" 

The  draw-welly            •        .    •      .  i 

The  river- water  contains  of  vitriolated  tartar,  o 

The  dtadel-fpring,            •         ^  •  -J 

The  milUfpring,            •            •  ♦ 

Sandvik  fpring,            •             -  J 

Odin's  well,              -               -  f 

Luth's  well,                ^                -  t 

The^iaw-well,            .            •  o 
The  water  of  the  draw*well  contains  of  fe^ 

lenite  .             -               -            -  8^ 

Thercil,           -           -          -  o 

*rhc  river-water  contains  of  aerated  foflil  ,  ^ 

_^    alkali,       ^        -              .-            •    . ,  A 

The,citadcl-fpring,   ...    •  ,.-  ^  i-t 

,  The  mflUfpring,  -  ,-4 

Sandvik  fpring,            -             .  jl 

,Odip'swcU>              -       .       •  If 

Luth's  well,            -.,•..  It 

The  draw-well,          .      t          -  p." 

^c  river- w^ter^  contains  of  extra&ive  mu*  ^^ 

,2'  ^cilage,^'_    ,..  -  ■  .  I  _r            -  ;  "t 

[\  ,      The  drawrweU,        '  L   - .         •  i 

The  others  nearly,           '    -  • 

The  water  of  the  draw-well  CMitains  of  nitre  i 

.  .rV^  o<hen           -           -      '     «  o 

AA 


Bltt6       -I  ON  I'HE  WAtlKRS  OP  VKAt. 

All  tbefe  waters  contain  about  the  fame  quanuty 
•t>f  air,  viz.  6  cubic  inches )  of  which  nearly  4  ate 
merial  acid,  the  reft  pure  -air,  whitb  is  carefully 
to  be  diftinguifhed  from  commoh  Mr  (e) 

The  quantities  juft  laid  ddwn  Vary  a  little! 
kbey  increafe  or  diminifh  in  the  diAfeirent  fealbns^ 
according  to  the  tjuantity  of  raiA  i^d  (how,  and 
ftbrat  6tKd:  eirctWiftances*  It^is  poffiMe,  irtyi 
tt  doA  undoubtedly  come  tb  ^afi;  ^haft  the  pro« 
|>ortions  undergo' fome  change  in  the  courfe  of  ie<k 
Veral  years ;  for  at  firft  the  Wti*  diflblves  with 
lacility  all  the  folubre  fubftaneeir  '6f  the  ftrata  over 
which  it  paffes ;  aiid  after  it  hii  fiifcceffively  car* 
ried  them  away.  It  meets  with"  ir^  ibore,  at  lead 
the  quantity  tt  dimlrtiihed :  bdffdies,  'tticfe  ftibter* 
raneous  canals  themfelves  are  liable  to  various 
dianges.  In  ofie  place  the  old  'tnii^ff'are  ftopped 
up,  in  another,  new  ones  are  b^idVnow,  fincc 
the  particles  of  the  ftrata  traverfcd  by  the  watefa 
tre  not  conftantly  of  the  fame^^iiltfirli;  it  cannot 
mppear  ftrange  that  theyihoulV  t^i^rtiite  thdc 
varieties. 

(f)  We  have  aFready  obfervid^  that  the  fifi* 
c^ous  earth  was  fufpcnded  in'  oiir  watcrt,  on  ac-* 
count  pf  the  extent  of  furficc  su-itfeig  from  the  t?* 
iHiity  of  its  pa'rficlifii^.  ttie  fame  If^diffi:  may  be  tp- 
plied  to  the  greater  part  of  the  aerated, cdcarcooi 
earth,  which  feparates.  along  v^ltbtlie  filcx  during- 


.1 


(e)  Sec  above,  DilT.  I,  §  xziu 


ON  THE  WATERS  OV  XSKAti.       <Wf 

ebuBition.  In  reality  the  water,  when  rarefied 
by  the  heat,  loles  fo  much  of  ita  fpecific  gravity 
that  the  earths  are  precipitated :  the  incriearcif  mcv- 
bility  of  the  particles  of  the  water  facilitates  this 
fcpguratioii.  -TbertalcflreQiisrartkhebliftifqflji^on 
tgr  the  tc^  wPMi  Aiil  ^rthqr  comcH>ttfea>t«l(itfaf 
IvodttAiQilof  thi»cffiiai  becatffei.  atihethwiyftr 
lMilizeS'A«  felvysQt^  \t  jmMUbo  iUbiUnMS:whkb 
tre  onhf\^ff»Q:d^  u^  9^fi«gM  tbetr.  ilN^iQeili^ 
It  is  now  cafy  to  conceive  why  tea-kettles  come  tcl 
^  C^fCffadvUh  acaJcareoM cniftt  of  whidi  tlie 
quintal  <30Qtwii( about  3  or  ^pounds  of  pirticlto 
9f  qaart«*r  ,  .  .  :    '   ) 

.;  AludAAeoffntter^'CQimplittly  aerated,  is:ca|iiy 
Wc  pf  4\&Mx^,%7  grains  of  aora^  cakancoi^ 
liafftti  C/).;  3rbq!efQCCt  oltcvatcm;  which :  oontaiik 
in  that  quamiiyf>blyiburaibic  inches  of  t)Bs.flcid^ 
Itill  ififlblw  little  .more  tfasn&gtaiii.:  ItwiQpct^ 
Ibapt  appear  ftrangd  tbdt  the  postides  wlfich  woe 
fbfpendediiii  a::Quid,:joii1^  pa  :aceolint  ofitheit 
joiaUiielSf  ihottld  notiittiw/itiitranfp^i^  r^but^ 
in  the  firft  ^lace^  tbxfcyctsmkcdi  that  the  jsmtor 
of  the  (draw-^w{cU#  whidi:  cctitaina  noft  cdrtfa^  is  « 
Uttl^43ipaLcolouitd;  ootdhc^  ether  hand,  It  fhsnid 
faecotiidmd^-iihae  pattidebiof  ibiEcieiitJteinnt^ 
liidp^ ^di«04gh the  ^hcr^  anA  t^Ifaenodit  Ij^jpeub 
cd  in  wftttcii^itiajofi  taQtm^jmdk:ii(9^^ 
tranfparent,  at  leaft  as  long  as  they  are  furround* 
ed  by  water*  ,,1-, :  .::  .^ic  !  ?     > 
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$  IV.    Effeds  produced  by  Prectpitants  on  the 
praters  of  Upfal. 

' '  fiC)  Thcfc  waters  fcarce  brighten  paper  colour* 
ed  blue  by  turnfoltf ;  they  give  a  fliglit  (hade  ti 
blue  to  >  paper  made  red  by  Brazil-wood ;  they  do 
not  nt  all  alter  paper  tinged  by  turtn^*  The 
tatttbr-^df  there  chan^  have  been  affigiidd  a- 
bove'(ir)*  "  -••■  •-  -^  •  - 

(tf)  SpirituouVtinauri^oFgalb  (kew^-no  veftig« 
of  iron,  any  more  than  the  phlbgiftibted  alkali.   ' 

(c)  The  mineral  acids  produce  no  perceptible 
change.  Ifa  little  of  the  cryftalKsed  acid  of  (u« 
gar  be  thrown  iiito  them,  it -generally  forms  white 
flreaks  as  it  pafles  through  the  liqudr;  and  a  wtnte 
powder,  which  is  realiaccharated^calcareous  earthy 
coUefts  round  it  at  the  bottom  of  the  vcficL 
Thefe  phasnomena  are  but  faintly  exhibited  by 
the' river  water;  they  are  more  perceptible  in  that 
of  the  i^rings  ;  and  very  evident  in  thofe  of  the 
wells,'  cfpecially  of  the  draw  well.  The  faccha-^ 
rine  add  aUb  occafioni  a  fmall  precipitate  in  fiion^* 
water,  but  it  is  not  vifible  for  fome  hours  (A). 
•This,  acid  foarce  makes  our  waters  turbid  after 
boilings  efpedally  tfafc  ipring-lfraters,  which  da* 
p6(i^»oft<i£  their  earth  during  the  boiliiig. 
'-. '  ■/'  -  ••  •  ■       ''..". 

(/)  SeeDiiT.  11.  §  tti. 

{k)  See  below,  PlfL  VIII.  f  ti, 

{p^  The 
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(d)  The  fixed  alkalis  precipitate  a  white  earth, 
9^hich  on  examination  is  found  to  be  real  calca- 
reous eahh..  A  copious  precipitation  takes  place 
immediately  in  the  draw-well  water ;  in  the  reft 
it  is  flower,  and  far  lefs  confiderable.  The  water 
of  the  draw-well  is  fcarce  made  turbid,  after  boil- 
ing, by  addition  of  alkali. 

(e)  Lime-water  turns,  white  inftantly,  and  a 
calcareous  precipitate  is  formed ;  this  is  owing  to 
the  aeria)  acid  which  combines  with  the  pure  cal« 
careous  earth,  and  carries  down  with  it  the  earth 
which .  was  held  in  folution  by  the  excels  of  this 
acid,  and^hlch  is  then  deprived  of  its  folvent  (/). 

If  thcfe  waters  be  made  to  boil  bfiflcly,  and  a 
larger  quahtity  of  lime-wafer  be  then  added,  a 
fliglit  tiirbid  appearance  is  perceived,  which  an- 
nounces the  obftinate  adherence  of  the  laft  por- 
tions of  atrial  acid. 

'  (f)  Salited  ponderous  earth  in  the  fpace  of  24 
hoars  caufes  no  alteration  in  the  water  of  the  ri* 
vcr  i  a  very  flight  one  in  that  of  the  fprings ;  and 
a  much  more  perceptible  one  in  that  of  the  wells, 
particularly  of  the  draw-well,  fv6ai  \yhich  it.pre- 
dpitaties  a  white  powder ;  this  clearly  announces 
the  prefence  of  the  vitriolic  acid  (X*). 

(g)  Salited  lime  produces  no  change  in  tlicfc 

(/)  Sec  Diff.  I.  J  XI. 

{k)    Sec  DifTertation  II.  §  vii.  and  the  Eflay  already 
quoted  on  the  Elediivc  Attradlious« 

Vot.  L  O  waters ; 
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vfztcfs  ;  they  indeed  pontain  n6  fubftance  oyjabk 
of  dccomppfing  it. 

(n)  If  a  piece  of  alvim  be  throiyn  into  any  of 
thefe  waters,  it  is  decompofed  ai^  it  difiblves :  tbe 
derated  calcareous  earth  attrads  the  vitriolic  acid} 
and  the  argillaceous  bads,  left  alone,  fonns,  at 
ufual,  a  (Iratum  parallel  to  the  bottom  of  the  TCpi 

(i)  TJie  fplution  of  filvcr  clouds  all  thcfc  iia- 
ters ;— it  fcarce  affcflts  (how-water. 

(k)  Nitrated  mercury,  made  withovit  hesft,  pc« 
cafions  a  white  precipitate  jn  them}  ths^t  made 
with  the  aid  of  heat  occafions  a  yellow  precijMtatC) 
which,  in  the  water  of  the  draw-well,  is  very  co- 
pious. Si)ow-water  is  fcarce  rendered  turbid  hf 
the  former  of  thpfp  preparations,  and  very  ^afi? 
bly  by  the  letter. 

(l)  Corrofive  fublimate  fometimes  Qccafiomi| 
flight  precipitate,  of  a  white  colour,  which  ihoiikl 
perhaps  be  attributed  to  a  little  volatile  alkalL 

(m)  Acetated  lead  inft^iitly  renders  thefe  war 
lers  milky.  The  lead  precipitated  in  the  river- 
water  is  entirely  foluble  iq  diftilied  vinegar;  a 
fmall  part  of  that  pre(;ipitated  in  the  w^ter  of  the 
fprings  remains  infolvible  in  that  menftruum }  but 
\t  is  vifible  only  when  large  quantities  haye  been 
fubmitted  to  examination.  More  of  the  prcdpi- 
tate  formed  in  the  water  of  the  wells  refifts  die 
adion  of  vinegar,  which  attacks  (alited  but  not 
vitriolated  lead* 
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(k)  a  piece  of  martial  vitriol,  thrown  into 
diele  waters,  occafions  a  precipitation  of  martial 
earth  as  it  diflblves.  If  a  few  drops  of  the  folu* 
tioD  of  this  vitriol  be  poured  into  a  fmall  phial, 
containing  about  an  ounce  of  water,  and  the  pre- 
cipitation be  immediately  made  by  a  few  drops  of 
fiqoid  vegetable  alkali,  the  precipitate,  which  at 
firft  is  green,  foon  changes  to  a  yellow  colour, 
thoai^  the  bottle  is  full,  and  weQ  (topped :  this 
]diaanomenon  indicates  the  prefence  of  pure  air 
m  our  waters,  which  attrads  the  phlogifton  of  the 
pcedpitate.  Let  the  lame  operation  be  repeated 
on  thde  waters  immediately  after  boiling ;  if  they 
are  kept  in  well  clofed  phials,  the  martial  precipi- 
tate will  preferve  for  whole  years  the  green  colour 
wliidi  it  owes  to  the  phlogifton. 

(o)  Soft  Venice  foap,  rubbed  in  our  waters, 
produces  a  copious  foam,  except  in  that  of  the 
dranr-well,  in  whigh  it  lathers  very  imperfedly : 
they  all  take  up  a  portion  of  the  foap,  which  ren- 
ders them  milky  ;-^  even  that  of  the  draw-well 
does  not  recover  of  itfclf  its  former  tranfparency. 

S  V.    On    the  U/es  for  which  thefe  ff^aters 
•    *   •  are  fit. 

From  thefe  obfervations  we  are  enabled  to  judge 

of  the  fuperior  excellence  of  the  Uj^  waters : 

Aat  of  the  draw-well  muft  be  excepted ;  but  it 

may  be  corre^^d  by  boiling,  and  would  be  much 

O  2  improved. 
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improved,  if  it  was  oftencr  drawn,  and  Icfs  ftag- 
nant;  it  is  indeed  not  quite  crude,  (incc  it'diC 
folves  a  little  foap.     If  we  overlook  this  water, 
and  that  ot  the  river,  they  are  all  agreeable  to  the 
tafte,  when  they  are  drank  cold ;  but  the  fpring 
belonging  to  the  citadel  has  fome  advantage  over 
the  others:  the  waters  of  all  the  fprings,  how- 
ever, are  equally  good  to  be  drank  hot.     The  ri- 
ver-water is  generally  ufed  for  wafhing,  for  boil- 
ing garden-ftuff,  making  coffee,  beer^  and  fpirit 
of  corn,  principally  becaufe  a  large  quantity  may 
be  procured  with  lefs  trouble.     The  water  of  aQ 
the  fprings,  and  the  two  firft  wells,  would  frrvc 
equally  well,    and   indeed,    on  fome  occafions, 
would  be  preferable ;  for  irtftance,  for  the  walli- 
ing  of  fine  linen,  for  ftarchirig  it,  and  tinging  it 
with  a  flight  blue,  by  means  of  turnible — the  wa- 
ter of  the  fprings  fhould  be  preferred,  bccaofir 
that  of  the  river  gives  it  a  reddilh  hue. 


PIS. 
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IN     TBC 

PARISH   OF    DENMARK. 

^ofti  ccmfeflbne  omiict  terr^  quoque  Tiret  aqnarum  funt 
.    bcacficuL     Quapropter  ante  omnia  ipfarum  potentiz  ex- 

cmpla  pooemus.     Cun^as  cnim  quis  mortalium  coumc* 

lare  qncat  ?        Pliii. 


$  u    Of  medicinal  ff^aters  in  general. 

Ftyficians  have  two  principal  ways  of  curings 
or  at  Icaft  of  alleviating,  the  numberlcfs  ma- 
ladies by  which  the  human  frame  is  aflailed.  They 
other  employ  remedies  of  fuch  efficacy  as  to  pro- 
duce an  evident  effed  in  the  courfe  of  a  few 
hoars ;  or  elfe  they  prelcribe  a  frequent  repetition 
of  mild  medicines  in  fmall  dofes,  of  which  the  ac« 
tion  does  not  become  fcnfible  till  feveral  weeks, 
and  fometimes  till  feveral  months,  have  tlapfed  : 
among  the  latter,  mineral  waters  are  juftly  enu* 
roerated ;  they  effcft  furprifing  cures  every  day, 
and  fuch  as  could  not  be  expcdcd  from  any  other 
O  3  mpde 
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mode  of  cure  hitherto  difcovered.    We  are  not 
to  attribute  tbefe  effeds  to  fimple  water^  oonfi* 
dered  by  itfelf ;  for,  according  to  fiich  a  fu{qpofi* 
tion,  they  would  be  produced  in  every  place  alike, 
but  to  the  fubftances  mixed  with  it,  and  diflbhntd 
in  it,  by  which  it  is  (harpened,  and,  as  it  wope, 
armed  with  fuch  efficacy.    Hence,  in  all  agei, 
good  phyficians,  defirous  of  eftablifliing  tht  iala« 
tary  art  on  a  firm  foundation,  have  coniiderad  it 
as  a  duty  incumbent  upon  them  to  fubmit  to  diy- 
mical  analyfis  fuch  waters  as  were  famous  for  die 
cure  of  any  difeafe ;  and  if  this  tafk  had  been  per- 
formed with  proper  exa£lnels,  we  fhould  now  be 
enabled  to  form  a  certain  judgement  upon  the  ufe 
and  ^rtues  of  all  mineral  waters.      When  die 
compofition  of  any  medicine  is  perfeffly  under* 
flood,  and  its  mode  of  operation  has  been  caie- 
fully  obferved  on  various  occalions>  the  phyfidia 
has  then  fixed  and  clear  notions  concerning  its  ef- 
feds,  which  cannot  fail  of  becoming  highly  kt^ 
viceabte  in  future,  whenever  a  mixture  of  die 
fame  fubftances,  in  the  fame  proportion,  is  dUooh 
vered :  if  fo  neceflary  a  part  of  knowledge  has  not 
been  hitherto  acquired,  it  is  becaufe  the  analyfis 
of  waters  forms  one  of  the  mofl  difficult  problems 
in  chymiftry.    The  fubftances  held  in  folution  are 
of  various  kinds,  and  always  in  very  fmall  quan- 
tity: not  to  mention  that  feveral  of  thcfe  fiib- 
fbnces,  and  thofe  the  moft  important,  have  not 
been  well  known  till  of  latej  and  hence  it  bsi»- 

pcncdi 
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jperied,  that  the  moft  accurate  analyfes  hslve  £alleii 
%cry  far  fliort  of  perfedion. 

Henceforward,  let  us  rely  dn  no  ahalyfis,  un- 
lA  i  mineral  water,  in  every  refped  refembling 
fbe  natural  water,  has  been  recompofed,  with 
pore  water  and  thi  fubftances  that  havb  been  ob« 


S  If.  Situation  of  the  Spring  at  Denmark. 

The  fprlng  which  I  propofe  to  examine  with 
fbmc  attention  is  fituated  at  the  diftance  of  about 
tiircdquarters  of  a  mile  fouth-weft  from  tJpfal,  in 
A^  parifh  of  Denmark.  In  the  neighbourhood 
federal  veins  of  mineral  wkter  have  been  diicover« 
€d,  but  four  efpecially  ate  in  repute;  they  are 
▼icry  liear  together,  aiid  rife  in  the  meadow  Wall- 
bi^,  of  which  the  foil  is  argillaceous.  Ihefe  aci- 
dulous fprings  were  difcovered  in  17339  afid  fird* 
^ttcnted  with  great  advantage ;  they  Were  after* 
ivflurd^  forfaken  and  neglcded,  for  tuliat  reafon  i 
kbaw  not,  till  the  fpring  dl  the  prefcnt  year  (a). 
TUcn  Ab.  Scoderberg,  a  Ikilful  furgeon  of  th6 

{m)  The  celebrated  G.  J.  Wallenut  publiflied,  tliirtj* 
toL  years  ago,  a  defcription  of  this  founuin  riewly  difco?cr<s 
<d^  in  a  work  entitled*  **  Tankar  om  Danemarks  Ha]fo« 
^  brume.*'  He  mentions  fome  fortunate  cures  efieded  by 
them ;  but  they  have  probabl  jr  undergone  great  changet 
fiiice  that  time,  as  wili  appear  from  a  comparifon  of  hit 
Mcrxptioa  with  that  which  I  (hall  give  below. 

O  4  Upl^d 
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Upland  regiment,  caufed  a  proper  rcfervoir^  ancl 
the  neccffary  buildings,  to  be  conftruded,  a  little. 
nearer  the  royal  road  than  they  were  before.  Laft 
fummer  a  great  concourfe  of  people  reforted  to 
thefe  waters,  and  took  them  with  benefit.  This 
fountain  lies  in  a  plain  between  the  fouth  and  the 
weft :  there  is  an  eminence  fituated  at  fomc  di« 
ftance,  from  which  the  fprings  probably  derive 
their  origin. 

§  1 1 1.     Phyjical  ^alities  of  this  Fountain* 

The  four  veins  aflford  much  more  than  obc 
hundred  kannes  of  water  every  hour,  which  apt* 
pears  very  limpid;  but,  when  compared  with 
that  of  the  fprings  at  the  mill,  or  citadel,  a  con- 
fiderablc  difference  is  perceived.  When  it  is  at 
reft,  or  runs  but  flowly,  its  furface  fhcws  the  fc- 
veral  colours  of  the  rainbow,  and  a  depofition  of 
ochre  is  feen  at  the  bottom.  If  the  refervoir  has 
been  kept  long  clofcd,  a  ftrong  hepatic  finellis 
exhaled  from  it,  which  may  alfo  be  perceived  af- 
ter (liaking  the  water  for  a  few  moments  in  a 
corked  bottle,  and  then  applying  it  to  the  nofc. 

This  water  has  a  ufte  of  ink,  but  it  is  very 
foon  found  to  be  in  a  great  meafure  deftitutc  of 
that  brilk  and  agreeable  acid  which  makes  the 
acidulous  fprings  in  repute  fo  volatile  and  fo  effi- 
cacious. 

The 
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The  temperature  is  between  (b)  9®  and  lo^. 
The  fpecific  gravity  is  to  that  of  diftilled  water 
1 100,26,  io,ooo. 


5  I V.    7 he  ^antity  of  Serial  j^cid, 

I  have  made  many  experiments  to  determine 
how  much  of  that  elaftic  which  is  properly  called 
the  aerial  or  atmofpherical  acid,  is  contained  in 
this  acidulous  fpring.  One  part  changes  ten  parts 
of  the  blue  tindure  of  tumfole  to  a  very  percep« 
tible  red ;  however,  four  parts  do  not  alter  this 
tindure  fo  much  as  one  part  of  the  Spa  water. 

Agitation  in  a  corked  phial  produces  rather 
more  bubbles  in  this  water  than  in  that  of  com^ 
mon  fprings  treated  in  the  (ame  manner.  If  what 
has  been  (aid  above  of  its  tafte  be  recolle&ed,  it 
win  appear  that  there  is  a  deficiency  of  aerial  acid; 
as  will  be  feen  ftill  more  clearly,  if  it  be  difenga- 
ged  by  heat,  and  coUefted  by  means  of  quickfil- 
Ycr  (c) :  in  truth,  it  is  fcarce  found  to  contain  feven 
cubic  inches  in  a  kanne ;  whereas  the  fame  quanti- 
ty of  Spa  and  Pyrmont  waters,  as  they  are  im- 
portied  into  Sweden,  contain,  the  former  near  fe^ 
yen  dmes,  and  the  latter  thirteen  times  as  much. 

{b)  48  and  50.    B. 
U)  Sec  Diff,  II.  i  Tin. 


§▼. 
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§  v.    The  Principles  obtained  by  evaporatumu 

In  order  to  obtsdn  the  fixed  fubftanees  vfaicb 
do  not  fly  off  at  a  boiling  heat,  I  eraporatcd  gifen 
quantities  of  this  water  in  the  following  manner  : 
— <ifter  expofing  it  to  the  fire  for  foUr  minutes,  I 
fuffered  it  to  cool.    I  then  filtered  it,  and  obtain- 
ed a  kind  of  ochre,   amounting  to  li  grain  per 
kanne.    As  it  is  neceffary  to  adopt  fome  procds 
for  procuring  an  equal  exficcation  of  the  refidut 
before  they  are  weighed,  I  expofe  them   for  fif- 
teen minutes  to  an  heat  of  ioo<>  (^).    This  terni, 
which  is  that  of  boiling  water,  fcemed  the  moft 
convenient,  becaufe  it  may  always  be  very  cafifj 
obtained. 

The  filters  (hould  be  dried  at  this  degree,  and 
afterwards  weighed,  in  order  to  eftimate  what 
they  contain.  It  is  indeed  impoflible  to  prevent 
fome  very  fubtile  particles  from  paffing  through; 
but  it  is  ftill  more  difficult  to  feparate  the  fubftaa* 
ces  completely  which  adhere  to  and  penetrate 
white  paper  not  alumcd,  which  is  proper  for  this 
purpofe.  After  thus  weighing  the  fubftance,  a- 
long  with  the  filter,  we  have  only  to  dedud  the 
weight  of  the  latter  to  find  exadly  that  of  the  for* 
mer:  moreover,  this  mode  of  drying  is  more 
convenient,  becaufe,  after  the  filter  and  its  con* 

(lO  au^  of  Fahrenheit.    B. 

tents. 
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iois  fafc  been  left  cipufeJ  ts  the  air,  k  may  be 
laltdqii,  and  pm  into  a  ^afc  pidal,  aad  ibc  bcMt 
■l^heat  dms  applied  toil* 
Ujwm^  by  An  firft  cf  apotation,  wastolcaniy 
a  Gttic  cakareous  eaidi  or  magucfia  was 
bdd  in  Ibhitioa  by  tbc  aerial  acid;  for  we 
1  dot  dicy  lofe,  af  this  tempcrarare,  die 
;  of  diat  flnid  nccebiy  far  dnr  fbioM^ 
1  diey  precipitate^  and  rcmam  on  the  fiker^ 
akngwiditfae  odire.  in  tbc  pieicnt  inftance» 
Aoc  was  no  <Menrabie  vcftigc  of  diem,  and  the 
iffulmiin  did  not  rffiorrcfce  in  the  leaft  with  the 
1  dicn  condnued  the  evaporadon  tiH  the 
vas  reduced  to  VW ;  and.  after  having  fl* 
toed  die  fiqaor  again,  the  refidoum,  when  dried, 
amonntcd  to  24  grains  per  kanne. — AH  die  fol« 
bvii^  numbers  are  to  be  referred  to  tins  mea* 
fine,  which  I  wiH  mendon  no  more,  and  whidi 
cog^  always  to  be  undcrftood,  unleft  another  b 
(Biticnhrly  Ipccificd. — ^When  die  evaporation  of 
die  reft  was  finiflied,  and  it  had  been  dried,  there 
tcmaincd  i6grains;  wherefore wc hare  204-  grauns 
£ir  die  fiim  of  the  leveral  refidua,  of  which  we 
are  now  to  eamine  the  nature. 

§  VI.    77ds  Kf^ater  contains  aerated  mtriolated 
Iron. 

The  prelence  of  iron  is  known  by  the  ochre 
wbidi  it  depofits,  its  tafte,  the  black  colour  it 

ftiikes 
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(trikes  with  aftringents,  and  the  blue  colour  pro« 
duced  by  phlogifticated  alkali.  But  it  foon  ap* 
pears,  that  a  very  fmall  portion  only  of  this  metal 
is  held  in  folution  by  the  volatile  acid ;  that  the 
greater  part  is  combined  with  an  heavier  and  a 
more  fixed  acid,  becaufe  this  water  retains  the 
property  of  turning  black  with  aftringents  (j ), 
after  having  been  long  expofed  to  the  open  air, 
and  even  after  boiling,  to  the  laft  drop ;  whence 
we  may  conclude,  that  it  is  a  vitriolic  water;  for 
if  the  iron  was  diflblved  by  the  aerial  acid  only,  it 
would  be  all  precipitated  by  boiling  :  on  the  con- 
trary, water  impregnated  with  martial  vitriol,  kept 
in  an  open  veflfel,  is  continually  depofiting  fuccdt 
fivc  portions  of  ochre  ;  becaufe,  as  the  metallic 
bafis  gives  out  its  phlogifton  to  the  air,  which  at- 
trads  it  with  great  eagernefs,  the  add  can  no 
longer  hold  the  fame  quantity  as  before  in  folo* 
tion;  for,  as  iron  is  more  deprived  of  inflaow 
inable  principle,  it  requires  more  acid  for  its  dit 
folution,  and  heat  promotes  the  dillipation  of  the 
phlogifton.      In  water  containing  a  very  (inall 

(e)  It  (hould  b€  obfcrvcd,  that  an  excefi  of  tiodure  of 
galls  may  cafily  mifleady  becaufe  common  water^  contain- 
ing a  little  aerated  calcareous  earth,  without  an  atom  of 
icon,  prccipiutcs  it.  The  precipiute  it  of  a  yellowiik 
white  colour,  and  not  perceptible  at  iiril ;  if  a  little  iroa 
(hould  be  prefent,  there  will  be  a  mixture  of  violet -co- 
loured particles,  and  in  two  hours  a  grecniih  tinge  will  qn 
pear. 

portion 
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portion  of  vitriol  of  iron,  it  may  be  fo  far  dl- 
ininiflied  by  this  means,  that  neither  tinware  of 
gafls  nor  phlogifticated  alkali  produce  any  fenfible 
cfieu* 

According  to  fomc  modem  chymifts,  whatever 
vater  gives  a  blue  colour  TOth  phlogifticated  al- 
kaTi  certainly  contains  green  vitriol ;  but  this  opi- 
irion  is  refuted  by  experiment,  for  diftilled  water, 
impregnated  with  aerated  iron,  iaffumes  the  fame 
tinge,  only  a  little  more  flowly ;  a  circumftancc 
Aat  will  not  furprife  thofc  who  confider  the  un- 
equal  ftrength  of  the  two  acids  with  which  the 
iron  is  combined  :  it  is  even  certain,  that  vitriol 
of  iron,  completely  laturated,  does  not  afford  a 
fine  Pruffiaii  blue  fo  fpeedily,  nor  fo  copioufly,  as 
that  in  which  there  is  cxccfs  of  acid ;  for  the  pre- 
cipitate of  the  latter  (hews  inftantly  the  fiiieft  blue, 
yfiSaH  that  of  the  former  has  at  firft  a  bbckifli  or 
^itifli  tinge.  In  the  prefent  inftance,  the  vitrio- 
Bc  acid  is  more  clearly  detefted  by  other  proccffes : 
^-thc  addition  of  vinegar  of  lead  produces  fmall 
angular  grains,  which  are  not  attacked  by  vine- 
gar; befides,  if  the  iron  is  precipitated  by  the 
fixed  vegetable  alkali,  a  true  vitriolated  tartar  may 
be  obtained  by  cryftallization.  Now,  this  could 
never  happen,  if  no  vitriolic  acid  was  prefent  to 
combine  either  with  the  lead  or  the  alkali. 

It  is  poflible  to  determine  the  quantity  of  iron, 
by  the  colour  which  the  water  receives  from  the 
imBLmc  of  galls }    by  try'mg,  with  an  equal  num- 
ber 
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ber  of  drops  of  Ac  tindure^  equal  qoan^et  of 
vater^  more  or  \e&  impregnated  with  vitriol; 
when  the  ihade  is  the  lamey  the  bulk  of  water  e» 
qual,  and  the  quantity  of  the  aftringent  principle 
the  fame,  the  quantities  of  iron  muft  needs  be  e« 
qual;  and  as  the  operator  knows  how  much  is 
contained  in  the  folution  which  he  made»  he  wH 
alfo  know  the  weight  of  that  contained  in  the  wi* 
ter  which  he  is  an^lyfing :  this  proccfs  is  not  to 
be  rejected  wi(h  dikiain }  bi^  to  be  ceitaun  of  the 
refult,  requires  9  tedious  ei^adnefii*  Qthers»  zj^ 
waihing  the  whole  refiduum  in  pure  water^  then 
drying  and  weighing  it,  pour  one  of  the  mineral 
addsMponit;  and  after  wards,  pouring  off  the 
^cid^  wa(h  what  remains  undiflblved;  then  dry 
and  weigh  it  again,  and  from  the  diminution  of 
weight  colled  that  of  the  iron.  This  method  hi 
|iot  a  bad  one ;  but  care  muft  be  taken  not  to  ufe 
too  ftrong  an  aqid,  not  to  add  too  much  of  i^ 
and  not  to  continue  the  digeftion  long;  for  if 
there  fliould  be  any  felenite  in  the  refiduum,  as  it 
is  foluble  in  the  acids,  they  may  take  up  mo^  or 
lefs  of  it,  perhaps  the  whole,  and  the  operadoQ 
would  not  be  exa£l ; — the  fureft  way  is  to  jgnreqfh 
tate  all  the  iron  with  phlogifticated  alkali. 

A  kanne  of  this  water  fiirnifhes,  by  this  pro- 
ce(s,  near  16  grains  of  precipitate,  which  contain 
about  14  grains  of  martial  vitriol,  as  100  <^  this 
lUt  in  cryftals  afford  1 1 5  of  Pruflian  blue  :  the 
finall  quantity  of  iron  diflblved  by  the  aerial  fcid 

muft 
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ipiift  be  deduded ;  but  this  fcarce  exceeds  ^  of  a 
^ram;  for  100  cubic  inches  of  this  acid  take  up 
only  ^  of  iron  (/)• 


S  VII.    Of  the  Seknite. 

When  the  iron  has  been  parted  froqti  the  refi- 
damn  by  mesMis  of  an  acid,  a  whitifli  matter,  of 
the  weight  of  14  grains,  renuuns,  which  exhibits 
ahnoft  all  the  properties  of  felenite }  it  is  alfo  found 
in  the  ochre  colleded  by  the  firft  filtering  ($  v.)» 
AH  the  refiduums,  and  efpecially  the  laft,  are  ^ afi« 
ly  fufed,  with  an  appearance  like  boiling,  upon 
coals  excited  by  the  blow*pipe ;  they  leave  a  glo- 
bular matter,  which  is  attra&od  by  the  magnet^ 
pnleft  il  has  been  too  long  expofed  to  the  fire. 
The  little  Iblubility  of  this  fubftance  in  wat^r,  and 
die  af^iearances  it  (hews  in  the  fire,  whether  by 
itfidf  or  in  piixture,  fufficiently  (hew  it  to  be  &> 
knitc*  Above  all,  it  may  be  known  by  decompo* 
fing  it  by  fixed  alkali  in  the  liquid  way;  fpr  the 
calcareous  earth  is  precipitated,  and  by  cryftal- 
fizaticm  Glauber's  bXt  or  vitriolated  tanar  may 
be  obtauned,  according  to  the  kind  of  alkali  em« 
jdoyed. 

The  ielenite  may  be  dill  better  feparated  from 
the  iton,  by  boiling  the  dried  refiduum  in  500 
times  its  weight  of  diftiUed  water,  which  diflbiyes 

(/)  See  Difierution  L  §  ziv. 

an 
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all  the  faline  part,  and  afterwatds  it  is  ca(y  to  de^ 
tcrminc  the  quantity  by  weighing,  ?rftcr  it  has  bees 
dried,  the  ochre  which  remains.    - 


§  VIII.     Of  the  Siliceous  Powder. 

If  the  felenite  is  diflblved  along  with  the  iron, 
(§  VI.  VII.),  there  remains  about  half  a  grain 
of  very  fine  powder,  which  refifts  the  acids,  even 
when  afliftcd  by  heat ; — when  it  has  been  wafhe^ 
and  examined,  it  is  found  to  be  true  filiceouS 
earth. 


§  IX.    Of  tJie  Salts. 

By  a  flow  evaporation  of  the  water  with  which 
the  refiduum  has  been  wafhed,  about  three  grains 
of  perfeft  cryftals  of  Gljiuber's  fait  may  be  ob- 
tained, which  contain  only  the  fmall  portion  of 
iron  that  the  water  of  cryftallization  retains :  the 
remaining  liquor  is  greenifti,  and  does  not  ea% 
afford  cryftals ;  but  when  reduced  to  dryneis,  it 
affords  two  grains  of  a  deliquefcent  matter  of  an 
aftringent,  and  at  the  iame  time  fait  tafte  ':  this 
matter,  tried  by  different  tefts,  and  efpeciaDy  by 
precipitants,  is  found  to  be  vitriol,  but  in  a  highly 
dephlogifticated  ftate,  and  a  little  Glauber's  &It 
mixed  with  common  fait ;  this  laft  flicws  itfelf  both 
by  its  tafte,  and  one  or  two  cubical  cryftals,  but 
chiefly  by  the  grey  and  acrimonious  fumes  which  a- 
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tife,  and  by  the  particular  fmcU  which  it  exhales^ 
when  it  is  moiftened  with  a  little  concentrated  vi- 
triolic acid,  and  fooie  wet  fubftance  is  held  ovei^ 
t. 


§  X.   Principles  of  the  Denmark  ff^aten 

From  what  has  been  faid  before,  it  niay  be 
Concluded,  that  a  kanne  of  the  Denmark  water 
Contains, 


of  aerial  acid 

7     cubic  inches 

of  aerated  iron 

C4  grains,  §  vi. 

of  vitriol  of  iron 

14    f  VI.  aild  IX. 

of  Glauber^s  fait 

3;              §1^- 

of  Iclcnite 

14    grains,  §vxr. 

of  com.  fait,  at  moft 

oi                   §1X. 

of  filiceous,  nearly 

o:J:           5  vtiu 

In  all  32|.  grains,  which  confiderably  exceed  the 
weight  of  the  whole  refiduum  (§  v.) ;  but  this 
difference  arifes  from  the  water  6f  cryftallization, 
which  here  enters  into  the  account,  and  which 
the  hc^t  had  diflipated  when  the  refiduum  was 
weighed  the  firft  time.  If  the  fame  fubftan* 
CCS,  In  the  fame  proportions,  arc  added  to  diftil- 
led  water  that  has  loft  its  empyreuma,  a  folution 
pcrfeftly  refembling  the  natural  water  in  tafte  and 
every  other  quality  will  be  obtained ;  2tnd  thus 
our  analyfis  is  completely  confirmed  by  fynthefi/. 
V0L.L  P  It 
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It  fliould  however  be  added^  that  the  actdofeitt 
water  of  Denmark  contains  a  little  extraSivie  TO* 
getable  matter,  which  without  doubt  it  has  naif 
ved  from  the  roots  that  it  met  with  in  its  pafige 
tinder  ground ;  and  probably  this  is  what  impain 
its  limpidity  ($  in.).  One  may  fometimet  (fifco* 
ver,  by  mere  infpedion,  fragments  of  vegetablci« 

The  variegated  pellicle  on  the  fur&ce  docs  iso( 
come  from  any  mineral  unduous  fubftance»  hnk 
from  iron  in  a  certain  degree  dephlogilUcated: 
fimilar  pellicles  appear  on  folutions  of  any  metal* 
lie  falts  expofed  to  the  air )  they  are  alfo  formed 
by  iron  diifolved  in  water  by  the  aerial  add. 
Pure  air  forcibly  attrads  the  inflammable  prin- 
ciple ;  and  it  is  evident,  from  many  experimentti 
that  the  colours  of  metallic  calxes  vary  acconfing 
to  the  quantity  of  phlogifton  of  which  they  have 
beeh  deprived.  The  hepatic  fmell  plsunly  points 
out  the  way  employed  by  nature  to  imprq;nats 
this  water  with  its  mineral  particles. 

Such  are  the  fubftances  contained  in  the  ad- 
dulous  fprings  at  Denmark ;  to  treat  of  their  ofes 
and  efficacy  does  not  fall  within  my  plan.  It  is 
however^  in  general,  evident  that  they  muft  prf- 
fcfs  virtues  diffisrent  from  thofc  of  lighter  watcn 
in  which  the  iron  is  diflblved  by  the  aerial  add  i 
but  although  the  fame  eSeds  which  the  latter  cfc** 
ry  day  produce,  cannot  be  expeftcd  from  them, 
they  probably  poffcfs  greater  power  and  efficacy 
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In  diofe  cafes  which  may  require  a  vitriolic  wa- 
ter. 

Ifofeof er,  die  vitnol  and  felenice  are  here  the 
affive  priodplcs ;  the  otbet  fubftaoces  are  prefcnt 
m  Inch  findl  quantity  that  they  can  have  Gttle 
ftaie  in  produc'mg  the  effeds.  With  refped  to 
the  feknite,  it  is  found  in  the  Pjqrmont  water,  as 
wcD  as  many  other  waters  of  high  reputation } 
kit  there  ii  great  rcalba  to  queftion  iu  lalubrity. 


P  9  DIS. 


DISSERTATION      V. 

OF 

SEA-WATER.  " 


§  I.     Water  taken  up  from  the  Sea  at  a  cmh 
Jiderable  Depth. 

THE  experienced  Dr  Sparrman,  who  lately 
vifited  the  Southern  Ocean  in  company 
with  the  Forfters,  and  who  in  that  voyage,  with 
indefatigable  care,  has  inveftigated,  colleded^  and' 
defcribed  the  wonderful  (lores  of  nature,  endot^ 
voured,  during  nis  paflagc  from  the  Cape  of  Good 
Hope  to  Europe,  to  afcertain  the  nature  and  pro- 
perties of  feawater,  taken  from  a  very  great 
depth: — for  this  purpofe,  a  number  ot  glafi 
bottles,  with  narrow  necks,  and  well  corked, 
were  fucceffively  funk,  in  the  beginning  of  June 
1776,  about  the  latitude  of  the  Canaries ;  one  bottle 
taken  up  from  the  depth  of  80  fathom^  was  found 

cracked 
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cracked  in  the  body  by  the  preflure  of  the  fur« 
rounding  fluid ;  another,  funk  to  30  fathom,  had 
the  cork  a  little  thruft  in,  but  not  fo  that  any  wa* 
ter  could  enter ;  it  was  therefore  let  down  to  60 
fathom,  and  when  brought  up,  was  found  filled 
with  water  up  to  the  third  part  of  its  neck — io 
that  place  the  cork,  which  had  been  thrufl  in, 
ftuck,  fo  as  not  to  permit  any  water  to  efcape : 
afterwards  many  bottles  were  filled  at  that  depth, 
which,  upon  his  return,  Dr  Sparrman  fent  to  me, 
requefling  me  to  examine  with  all  poflible  accu* 
racy  the  heterogeneous  matters  it  contained. 

§  II.     Its  Habits  with  Precipitants. 

This  fea  water  had  no  fmell,  and  the  tafle  in- 
tenfely  fait,  not  agreeable  indeed,  but  by  no 
means  naufeous,  like  that  which  is  got  at  the  fur- 
face. 

(a)  P^per  tinged  with  Brafil-wood  was  render- 
ed a  little  blue,  that  with  turnfole  had  its  colour 
fomewhat  heightened :  thefe  phacnomena  fhew 
fome  weak  tokens  of  an  alkaline  fubftance ;  name- 
ly,  magnefia  difToived  by  means  of  aerial  add. 
Tin£lure  of  turnfole  was  not  fcnfibly  changed. 

(b)  Acid  of  fugar  immediately  precipitated  a 
white  powder  confiding  of  faccharated  lime. 

(c)  Fixed  alkali  quickly  precipitated  a  white 
earth,  which  on  examination  proved  to  be  mag- 
nefia. 

P  3  (^)  iJa- 


(p)  Salited  terra  pcmdtroh  imm?(diitdf^tee» 
down  a  fpathum  ponderofum. 

(e)  Phlogiflicated  alkali  produoed  "no  figmaofta 
blue  colour* 

Hence  we  may  diftindly  perceive  die  prefeMe 
of  lime  (  B  ),  of  magnelia  (  c  ),  of  vitriolic  -acid^D); 
H-with  rcfped  to  common  hk  there  tms  ao 
doubt 

In  order  to  determine  the  quantity  and  qiMfilf 
of  the  proximate  principles,  I  cDntiniiid  tbe  iQ« 
vefligation  in  the  following  mannetf 

§111.    Principles  colUHed  hy  Evaporation^ 

A  kanne  of  this  water  (the  fpccific  gravity, 
•compared  with  diililled  water,  was  1,0289)  upoa 
evaporation  to  drynefs,  yielded  a  fefidaom  vrtM, 
when  well  cxficcated,  weighed  3  otmoes  578 
grains. 

(a)  This  refiduum,  well  waihcd  wf^  akbhol, 
and  dried,  was  diminifhcd  in  weight  38o:gratiii. 

The  folution,  diluted  with  diftilled  water,  de* 
pofited,  on  the  addition  of  mineral  alkali,  a  mag- 
nefia ;  and  the  liquor,  on  evaporation^ .  yielded 
common  fait. 

(b)  in  order  to  difcovcr  whether  there  was  any 
vitriolated  magnefia  prefent,  I  added  to  the  fiifinc 
snafs,  wa(hcd  with  alcohol,  a  fmall  quantity  of 
warm  water,  and  fuddenly  decanted  it  off.  This 
water,  on  examination,  ihcwed  no  iigns  oi  vitrio> 

l9ted 
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Ifltcd  paagDefia,  cither  in  tafte  or  by  prcdpiUtion, 
im4  omuincd  nothing  but  a  fmali  portimi  of  com- 
XDon  fait. 

Vitriolated  magnefia  is  very  eaiily  diflblved  in 
bcrifing  water,  whereas  of  pure  common  ialt  fcarce- 
ly  any  more  is  taken  up  by  hot  than  by  cold  wa- 
ter;  by  the  above  method,  therefore,  they  may 
.esifily  be  leparated.    Some  modems  cpnt^,  that 
.more  of  common  bit  is  taken  up  by  cold,  than  by 
..varm  wztcr ;  but  this  ailcrtion  is  contrary  to  the 
liature  of  things,  ^d  tp  esqierience :  upou  accu- 
rate examination,  I  found  the  (quantities  ^k^n  up 
.  by  boiling  water,  and  by  water  of  a  moderate 
Just,  to  be  refpedively  as  7^  to  714. 

(c)  The  common  fait  was  diflblved  in  a  qu«tn- 
.  dty  of.  cold  Mr^i*  fo  fmall,  that  it  could  take  up 
jfo  ffiore ;  and  therefore  a  white  powder  rem^? 
.  cd,  which  appeared  to  be  gypfuniu 

(p)  This  gypfum  excited  in  diftilled  vipegar 
^H  very  flight  effervefcence,  which  foon  went  ofi*, 
but  the  gypfum  was  fcarce  fenfibly  dim'uiiflxed* 

(&)  Upon  coUeding  and  weighing  all  the  cqi)- 
4cnts,  each  kanne  is  found  to  contain 


Oaqces. 

Gi:ains, 

of  common  fait. 

a 

453 

pf  lalited  magnefia. 

0 

380 

of  gypfum. 

•                0 

45 

3       378 

P4  The 
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The  magnefia  which  adhered  to  the  STpTani^ 
and  had  been  diflblved  by  the  aerial  acid,  is  found 
in  fuch  fmall  quantity  as  not  to  amount  to  i  of  t 
grain. 

§  IV.     The  Ufes  cf  Sea^FTater. 

If  fca-water  taken  from  a  confiderable  depth 
be  always  of  the  fame  nature  with  that  above  ex- 
amined, we  may  conclude  that  fuch  water  is  free 
from  the  ordinary  naufeous  flavour ;  and  this  fup- 
pofition  alfo  agrees  with  other  phaenomena ;  for 
the  innumerable  croud  of  fifli,  infers,  and  vege- 
tables, that  grow,  live,  and  perifh  in  the  water, 
as  foon  as  they  begin  to  grow  putrid,  fweU,  and 
rife  to  the  furface,  or  at  lead  fuch  parts  of  them 
as  are  extrafted  by  the  water:  on  the  fuHace 
thefe  meet  with  a  fufficient  quantity  of  fait,  and 
free  accefs  of  air,  circumftances  which  wonder- 
fully promote  putrcfaftion.  This  dcftruftion  is  a 
neceflary  part  of  the  oeconomy  of  nature;  and 
thus  many  circumftances,  with  joint  force,  con- 
tribute to  this  operation ;  the  neceflary  confc- 
quence  of  which  1  apprehend  is,  that  naufeous 
and  loathfome  tafte  occafioned  by  the  putrid  par- 
ticles near  the  furface; — but,  whatever  be  the 
cs^ufe,  provided  the  fad  be  uniform  and  conflant^ 
an  advantage  of  no  trivial  nature  may  be  derived 
from  it  for  the  benefit  of  feamen  ;  for  fea-watcri 
taken  up  at  this  deptt^  at  leaft,  diluted  with  an 

equal 
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cqod  qimmty  of  fircfli  water,  may  be  employed 
far  the  boiling  of  proTiiioiis,  by  which  means  one 
half  of  the  firdh  water  will  be  prefinnred ;  and  per* 
haps  in  time  of  urgent  ncceffity  a  greater  favinf 
n^btbemade. 


DIS- 


DISSERTATION     V|, 

OF      THE 

ARTIFICIAL     PREPARATION 

O    F 

COLD   MEDICATED  WATERS. 


§  I.    Reafons  for  the  prefent  Undertaking. 

THERE  are  four  remarkable  fpeqies  of  mine* 
ral  waters ;  namely,  the  Seydfchutz,  SciN 
per.  Spa,  and  Pyrmont  waters,  which  arc  im- 
ported into  Sweden  ;  phyficians  having  found 
thefe  fo  ufeful  againft  infirmities  and  difeafes,  that 
a  condderahle  quantity  of  them  is  prefcribcd  and 
ufed  every  year. 

But  as  thefe  waters  either  cannot  be  had 
amongft  us  at  all  during  the  winter  and  fpring,  or 
at  leafl:  not  frefh,  although  the  mod  powerful  re- 
medy for  the  difeafes  which  prevail  at  that  time  of 
the  year ;  as  the  poor  cannot  purchafe  them  at 

the 


4lbe  price 'wUch  fhey  comimmly  bear  ;-*-••&$  ihcy 

flofe  more  or  left  of  their  virtue  daring  the  voyage; 

WHBid  finaUjf  as  they  draw  yearly  confidcrable 

funis  of  nxmey  out  of  the  kingdom  j—^1  thought 

it  wordi  while  to  examine,  with  all  pofliUe  accu* 

'facy,<tbe  conftituent  principles  of  thcfe  waters: 

rliopiag  that,  thefe  principles  being  once  known, 

the  waters  .tfaemfidves  might  be  prepared  tn  any 

■  past  ^cf. the  world.    Whether  or  not  I  havefuc* 

ceeded  let  the  candid  and  flutful  judge  from  the 

IbUowing  pages* — We  now  proceed  to  the  analy* 

^  of  thefe  waters,  as  they  muft  be  thoroughljr 

Jwown,  before  they  can  be  imitated^ 

f  IL    ^nafyjis  rf  Seydfchutz  fTcaer. 

Principles  colleHed  by  Evaporation. 

The  tafte  of  Seydfchutz  water  is  extremely  bit-» 
trr  and  dilagreeable :  in  boiKng  it  feparates  a 
white  powder,  which,  coUeded  on  a  filter,  waih* 
1  ^  and  dried,  exhibits  a  genuine  aerated  lime ; 
:for,  when  fatorated  with  vitriolic  acid,  it  is  all 
« converted  into  gypfum. 

(b)  After  the  greateft  part  of  the  water  is  eva- 
porated a  gypfeous  pellicle  appears  on  the  furface, 
which  muft  be  carefully  taken  away,  as  long  as 
the  lead  veftige  of  that  £ilt  fliall  appear  during  the 
evaporation.  The  gypfum,  coUeded  and  wafhed, 
cfl^cfces  9  little  with  diftillcd  vinegar ;  this  rffer- 

vefccnce 
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vefcence  depends  upon  the  admixture  of  magnefia 
alba,  which  may  alfo  be  precipitated  h'om  the  add 
menflruum  by  alkali  of  tartar :  however,  a  fmall 
quantity  of  gypfum  will  remain  in  the  water,  even 
after  it  has  ceafed  to  produce  diftinft  pellicles. 

(c)  The  refiduum  is  of  a  brown  colour ;  and 
on  repeated  evaporation  this  water  yields,  almoft 
to  the  lad  drop,  cryftals  of  a  bitter  fait,  which  is 
totally  decompofed  by  lime-water,  and  is  there- 
fore genuine  (r/)  vitriolated  magneiia :  for  Glau* 
ber's  fait  contains  the  mineral  alkali,  which  docs 
not  yield  the  vitriolic  acid  to  lime.  The  cryftak, 
colleded  and  diflblved  in  a  fmall  quantity  of  wa- 
ter, depofit  on  the  bottom  of  the  vcflcl  that  fmall 
portion  of  gypfum  above  mentioned  (b),  Thcfe 
cryftals  alfo  contain  a  falited  magnefia,  which  part- 
ly unites  with  the  water  of  the  cryftals,  partly  ad- 
heres to  them  externally,  and  may  be  feparated  by 
fpirit  of  wine. 

Salitcd  lime  cannot  exift  in  water  which  con- 
tains vitriolated  magnefia,  for  the  proximate  prin- 
ciples of  thcfe  falts  are  immediately  changed  by  a 
double  eledive  attraftion  ;  the  vitriolic  acid  fizz- 
ing the  lime,  and  leaving  the  magnefia  to  the  ma^ 
rine  acid. 

Upon  repeating  the  analyfis  of  Seydfchutz  wa- 
ter, I  found  that  the  different  fubftances  may  be 
feparated  as  well,  or  better,  by  continuing  the 

(<»)  On  Magnefia,  §  v. 

evaporation 
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^raporation  at  firft  to  drynefs,  and  afterwards  fe- 
parating  the  one  firom  the  other. 
'  (d)  In  order  to  determine  the  quantity  of  fixed . 
air  contained  in  the  water,  I  at  firft  made  ule  of  a 
copper  cylindrical  veffel,  fitted  with  a  conical  top 
(a  b  c  Dy  tab.  ii.  fig.  i.)  into  this  I  put  another 
leflbr  cylinder  (t  F  o  h)  open  at  the  bottom,  and 
Handing  upon  three  feet,  but  clofed  at  the  top, 
cfkcept  the  little  tube  i>  whofe  upper  orifice  fliould 
(land  about  half  an  inch  beneath  the  furfiaice  of  the 
water,  filling  the  veflel ;  and  the  procefs  is  thus 
^nduded : — the  external  and  internal  vefifcls  are 
filed  with  the  water  under  trxamination ;  then  a 
j^lafs  bottle,  filled  with  warm  water,  is  inserted, 
by  means  of  the  fpoon  l,  in  fuch  a  manner  over 
the  tube  I,  that  no  air  bubbles  fhall  enter :  the 
water  is  then  boiled  as  long  as  the  vapour,  and 
that  only,-  arifes  in  the  form  of  bubbles ;  mean 
time  the  water  contained  in  the  internal  veflel  is 
forced  by  the  heat  to  emit  its  air,  which  rifes 
through  the  tube  1,  and  is  coUe£led  in  the  bottle; 
if  ncce&ry  the  firft  bottle  may  be  removed,  and 
fct  in  a  veffel  of  warm  water,  while  another  is  in- 
verted over  the  tube  as  quickly  as  poffible,  in  or- 
der to  prevent  the  cfcapc  of  any  of  the  air:  final* 
ly,  the  fpacc  occupied  by  the  air  in  one  or  more 
bottles  is  to  be  mcafured,  and  that  in  an  heat  of 
50'',  to  prevent  the  abforption  of  air. 
'  This  fpacc,  compared  with  the  capacity  of  the 
internal  veffel,  fhews  nearly  the  quantity  of  air 
contained  in  a  given  meafure  of  the  water.    Such 

a 
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a- method  Ipradifed  at  firft^  but,  althoug^i  d)4 
tirater  in  the  bottle  be  heated  to  the  50th  dcfgne^ 
I  have  found  that  it  ablbrbs  fome   of  the  aur)  f 
therefore  afterwards  made  ufe  of  n^cury,  wUdis 
if  the  opetatioii  be  properly  conducbed^^  ibcwa,  qc^ 
a£Uy  the  quantity  of  air  required.  (£ee  Aas^lyfi^ 
of  Waters^  vxii«  a^  b).     The  bulk  varies  ac^ 
QOffdtng  to  the  gravity  and  tempyeraiiirc  of  tfac  nOi 
mofphcre  }«^^ence  we  ihould^t  as  much  as  poifihk^ 
cbufe  determined  degrees  of  beat  and  weight* 

It  is  alfo  to  be  obfcrved,  that  the  aerial  nutttf 
thus  colledted  generally  confifts  of  tspo  diffsro^ 
elaftic  fluids,  die  one  perfectly  agceeing  with  thi 
aerial  acid,  the  other  with  pure  air;  that  is^  apit 
fit  for  (upporting  flame  and  aaioi^  refpUratioru 
Common  water  afalbrbs  the  firft  o§  thefe^  but  mil 
the  latter,  being  already  faturatcd  with  it ;  and  by 
this  method  the  two  fluids  may  be  feparated  to  a 
certain  degree* 

(e)  The  fevers^  matters  obtained  by  the  aaar 

fyfis  above  defcribed  are  in  quantity  as  follows! 

a  Swcdifli  kanne  (that  is,  loo  cubic  inches)  of 

Seydfchutz  water  contains 

graini. 

of  aerated  lime           -  •            *          4f 

of  vitriolated  lime  ^             -*              24! 

of  aerated  magnefia  -            -            laf 

of  vitriolated  magnefia  •  -            -         859^ 

of  falited  magnefia  -             -             21} 

TTxc 


The  aeriat  flu?d  e^ned  by  hear  amotmtttb 
fitflenibre  thin  fbt  cubie  iMhef,  nearly  fouf  (Sf 
%rKidi  are  aetitf  add;  and  the  temiaiilder  pnlt 
air. 

(f^  As  100  cubic  iiichcs  of  aenaTadd  caii  SC* 
fbfve  no  more  than  I7  grains  of  aerated  litxit  inr  8 
ksmne  of  water  (fee  Treadfe  ota  Aerial  Add);  4 
cubic  inches  can  (cztcelf  take  up  more  thaii  one  ;  % 
the  greateft  part,  therrforc,  of  the  acraitfd  litftC 
ibund  in  Seydfchut^  WaTdr  is  medianically  fuf* 
pended  ib  It,  by  means  of  the  ininutenefi  6f  iti 
]nrts. 

Salited  magnefil  may  be  partly  decompofed,  by 
bare  evaporation  to  drynefs — hence  ^e  mull  not 
conclude,  that  all  the  magnefia  which,  upon  ana« 
tjrfis,  is  found  in  a  difengaged  date,  has  alwtrfS 
edfted  in  the  water  in  that  lame  Ihite,  but  rather 
that  it  has  been  united  with  marine  acid  in  greater 
or  Ids  quantity,  according  to  the  degree  of  heat 
applied  in  the  evaporation.  Salited  magnefiia  is 
ofily  difcovered,  as  it  diflfolves  llowly,  and  with- 
out cffervefcence,  in  acids. 

§  i£i#    Tlie  appearances  of  SeydfchtUz  Water 
with  Precipitants^ 

(a)  Tinfture  of  tumfole,  made  with  diftillcd 
tirater,  and  fo  diluted  as  to  appear  dilUndly  (6) 

(I)  On  Aerial  Aci*,  J  n/ 

blue. 
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ring  its  folution.  If  the  mixture  be  faffered  to 
(land  quiet,  a  whitifh  cloud  is  formed  over  the 
turbith  mineral,  which  is  no  other  than  a  lalited 
mercury. 

(k)  Corrofive  fublimate  precipitates  flowly  t 
white  fediment,  which  confifts  of  an  aerated  (e) 
mercurial  calx,  and  is  readily  precipitated  by  means 
of  lime  or  magnefia  aerated. 

(l)  Saccharum  faturni,  or,  to  fpeak  more  pro* 
perly,  acetated  lead,  precipitates  a  white  powdcTi 
which  is  a  vitriol  of  lead,  occafioned  by  the  decoai» 
pofition  of  vitriolated  magnefia*  The  whitenefi  of 
this  powder  demonftrates  the  abfence  of  fulphur 
reous  matter. 

(m)  Martial  vitriol  is  converted  into  an  ochrc^ 
during  its  folution  in  Seydfchutz  water,  bccaufc 
the  aerated  lime  and  magnefia  feparate  the  vitriob 
acid,  and  the  pure  air  contained  in  the  water  dp: 
phlogiflicates  the  metallic  bafe :  vitriol  in  like  man- 
ner dcpofits  an  ochre  in  a  bottle  full,  and  ndi 
flopped.  All  thefc  phaenomcna,  therefore,  demoQ* 
ftrate  the  prefence  of  the  feveral  matters  vftiA; 
were  before  affertcd  to  be  contained  in  Seydfi:Iiott 
water. 


5  IV.    Specific  Gravity. 

I  compared  the  fpecific  gravity  of  SeydlBwtti, 
water  with  that  of  the  beft  common  water,  (cE- 

(«)  On  Aerial  Acid,  §  xiu 

ftied 
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itiHed  by  a  flow  fire),  and  that  in  an  heat  of  15^  : 
repeated  experiments  determined  its  fpecific  gra^ 
vhy  to  be  to  that  of  diftilled  water  as  i,oo6o« 

Although  the  fpecific  gravity,  of  a  folution  is 
rarely  agreeable  to  that  of  the  ingredients  taken 
together^  the  following  comparifon  will  not  ht 
without  its  ufe  t 

Akanne  of  the  purcft  Inow- water,   diftilled 

flbwiy,  is  nearly  equal  in  weight  to  42,250  grains; 

the  taLTtit  me^fure  ot  Sfcydfchutz  watcf  weighs 

42,503 ;    the   difference  therefore  is  253  grains^ 

But  in  $  I !•  we  got,  from  a  kanne  of  Seydfchutz 

ivater,  no  lefs  than  9224  grains,  which  is  nearly 

-  i  four  times  the  laft  number. — We  muft  now  take 

utto  confideration  the  water  of  the  cryftals,  which 

:.   vin  100  of  aerated  lime  makes  11  ;    ot  vitriolated 

fime  22  ;  of  aerated  magnefia  30 ;    of  vitriolated  . 

I     piagnefia  48 ;  and  of  lalited  magnefia  nearly  40. 

^     "--Hence,  ja  calculation  being  made,  we  find  the 

water  of  cryftallization  of  the  fubftanccs  oontained 

in  a  kanne  of  Seydfchutz  water  to  be  43 1  grains* 

-Hence,   923*— 431  =  492;   but  492  — 253  = 

239 ;  which  dill  fliews  a  confide rable  difference :. 

but  this  difference  will  foon  vanifli,  fuppofing  the 

^edfic  gravity  of  the  falts  to  be  in  general  2  ;  and 

.tilut,  conformable  to  the   moft  accurate  cjcperi* 

"Tteits,  no  mutual  penetration  takes  place-,— for 

k9l  grains  of  falts,  put  into  akanne  of  diftilled 

•5tter,  diijplace  only  fo  much  water  as   is  equal 

•^  ^  =  246  J  the  weight  therefore  of  a  kanne 

'    •  0^2  ot 
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of  diftilledr  water,  in  which  492  gmns  of  (alti 
are  diffolvcd  =  42,250  -t-  246  =  42,496  ;  but 
42,503  —  42,496  =  7.  Now,  fincc  6  cubic 
inches  of  atmofpheric  acid  weigh  about  3  grains^ 
we  have  at  length  7—3  =  4  gnum,  indicatnif 
nearly  how  much  has  been  loft,  during  tbt  ope^ 
ration,  on  the  filters  and  veffcls. 


§  V.    jinalyjis  of  Seltzer  Water. 
Principles  collected  by  Evaporation. 

Seltzer  water,  befides  a  fubtile  pungent  acufitfi 
excites  upon  the  tongue  a  taftc  gently  lalt,  zd 
mildly  alkaline. 

(a)  By  quick  boiling,  it  depofits  an  aerated 
lime,  which  had  been  diffolved  by  means  of  ft* , 
perabundant  aerial  acid  ;— this,  coUedcd  onafl^ 
ter,  is  found  to  contain  fcarce  any  aevated  nu^^ 
nefia,  as  this  laft  is  both  more  eafily  diflblved,  aod 
retains  the  quantity  of  volatile  menftruum  ncrf 
fary  for  folution  more  obllinatcly  than  the  ittC 
does, 

(b)  By  a  continued  evaporation,  the  magncfif 
feparatcs ;  but  as  it  continues  to  feparate  duriif 
the  whole  evaporation,  it  cannot  be  colleded  if 
filtration ;  we  muft  therefore  evaporate  to  drynrffe 
wafli  the  refiduum  with  hot  diftilled  Water,  afidi 
length  the  magnefia  will  remain  alone  at  the  W- 
torn,  ' 
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-  (c)  The  folution  which  is  obtained  by  warm 
water  yields,  on  cryftallization,  two  falts;  the 
one  an  alkali,  which,  with  vitriolic  acid,  forms 
^  true  and  pure  Glauber's  (alt,  and  is  therefore 
fx>  other  than  genuine  mineral  alkali ;  the  othev 
cubic,  agreeing  perfcftly  with  pure  culinary  fait. 

Salited  magnefia,  which  almoft  always  accom- 
panies culinary  fait,  is  in  this  cafe  not  to  be  found; 
nor  could  it  poffibly  be  fo,  on  account  of ,  the  dif- 
cngaged  alkali. 

(d)  The  weights  of  the  feveral  matters  contain- 
ed in  a  kanne  of  Seltzer  water  are  as  fet  forth  in 
tbe  following  table. 


Aerated  lime, 

»7 

Aerated  magnefia. 

apt 

Cryftallized  mineral  alkali. 

24 

Common  fait. 

logi 

]8o 


The  aerial  fluid  fometimes  amounts  to  60  cubic 
inches,  which  is  almofl:  all  aerial  acid ;    for  the 
rpOre  air  fcarcely  exceeds  a  fingle  cubic  inch. 

Sis'  « 


VI,     The  Habitudes  of  Seltzer  Water  with 
^^  Precipitants  • 

«.     (a)  Tin£hire  of  tumfole  grows  red  upon  the 

^IMditioa  of  a  fmall  portion  of  Seltzer  water;  but 

%  (^3  in 
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in  the  open  air  the  blue  colour  gradually  retuntf-* 
a  change  which  takes  place  immediately  upon  die 
application  of  heat. 

Paper  tinged  with  tindure  of  tumfolc  is  ren- 
dered more  diftin^Uyblue  by  this  water;  that 
tinged  by  Brazil  wood  grows  blue ;  and  that  tio- 
ged  yellow  by  turmeric  is  but  little  changed: 
however,  if  the  ingredients  be  reduced  to  a  final 
fpace  by  evaporation,  this  paper  aflumes  a  broim- 
i(h  red. 

(b)  Tmdure  of  galls  and  phlogifticated  alkafi 
produce  no  figns  of  any  thing  metallic. 

(c)  Cryftallized  vegetable  alkali  prodocet  m 
effed ;  but  the  cauflic  alkali  precipitates  a  wUte 
powder,  which  effervefces  with  vitriolic  add,  and 
forms  a  gypfym :  this  therefore  is  aerated  Sm^ 
deprived  of  the  portion  of  yols^tile  mer^ftruom  oe- 
ceffary  fpr  its  folution. 

(d)  The  ftrong  acids  occaflon  a  great  munkr 
of  bubbles,  which  confift  of  the  aerial  add  €Xf^ 
led  from  the  alkali  and  the  aerated  earths. 

(£;  Acid  of  fugar  immediatdy  feizes  thf  IqnCi 
and  falls  to  the  bottom. 

(f)  Salited  terra  ponderofo  precipitates  no  4**  j 
thum  ponderofum,  which  mod  evidently  fliewitbej 
ftbfence  of  vitriqli^:  acid ;  for  that  acid  attr^  tcrU  | 
pondcrola  with  fuch  force,  that,  deferting  evayO' 1 
ther  bafe,  it  unites  with  that  earth  in  the  font  c^j 
nearly  infolubie  atoms. 

(g)  Salited  lime  does  not  precipitate  a 
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reous  powder  until  after  a  day  or  two.— This  pre- 
cipitate 18  occaHoned  by  the  mineral  alkali  which 
the  aerial  acid,  fo  long  as  it  remains  in  fufficient 
quantity,  holds  fufpended. 

(h)  Alum  is  decompofed  in  like  manner  by  the 
di(engaged  alkali. 

(i)  Solution  of  filver  renders  Seltzer  water  im- . 
medbitely  milky,   being  partly  converted  into  a 
ialited  filver,  partly  yielding  its  acid  to  the  alkaline 
ialt. 

(k)  Solution  of  mercury,  made  without  heat, 
in  nitrous  '  acid,  occafions  a  copious  white  preci- 
pitate $— the  folution  made  by  heat  caufes  a  yellow 
one. 

(l)   Corrofive  fublimate  precipitates  a  white 

powder,  but  not  until  after  fome  days. — ^If  about 

-f  of  the  water  be  diiCpated  by  evaporation  before 

the  fublimate  is  added,  no  change  is  obferved ; 

but  after  a  few  days  blackifh  cryftals  appear  by 

degrees.    Of  thefe  cryftals  we  have  ahready  treat- 

r    ^9  (9^  Aerial  Acid,  §  xii). 

I       (m)  Cryftallized  (accharum  fatumi  immediately 

^  precipitates  a  white  fediment,  which  is  all  foluble 

.    in  vin^r.— The  fame  happens  with  lead,  either 

nmted  with  marine  acid,  or  precipitated  by  fixed 

alkali*    Vitriol  of  lead  is  not  foluble  in  vinegar. 

(n)  Vitriol  of  iron  depofits  a  white  fediment, 
*  which  gradually  grows  yellow,  even  in  a  bottle 
iilQ  and  well  ftopped. 

(^4  I  viu 
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in  the  open  air  the  blue  colour  gradually  rctuny— « 
a  change  which  takes  place  immediately  upon  the 
application  of  heat. 

Paper  tinged  with  tindure  of  tumfole  is  ren- 
dered more  diftin^Uyblue  by  this  water;  that 
tinged  by  Brazil  wood  grows  blue ;  and  that  tin- 
ged yellow  by  turmeric  is  but  little  changed: 
however,  if  the  ingredients  be  reduced  to  a  fmaS 
fpace  by  evaporation,  this  paper  aflumes  a  bFOwa> 
i(h  red. 

(b)  Tindure  of  galls  and  phlogifticated  albE 
produce  no  figns  of  any  thing  metallic. 

(c)  Cryftallized  vegetable  alkali  producet  iii 
efied ;  but  the  cauflic  alkali  precipitates  a  wUie 
powder,  which  effervefces  with  vitriolic  add,  and 
forms  a  gypfym  :  this  therefore  is  aerated  fiiDC» 
deprived  of  the  portion  of  volatile  mei||flruom  oe- 
ceffary  fpr  its  folution. 

(d)  The  ftrong  acids  occaflon  a  great  munkr 
of  bubbles,  which  confift  of  the  aerial  add  aq)<i* 
Ipd  from  the  alkali  and  the  aerated  earths. 

(£;  Acid  of  fugar  immediately  feizes  thf  IqpB^ 
and  falls  to  the  bottom. 

(f)  Salited  terra  ponderofo  precipitates  no  f** 
thum  pondcrofum,  which  mod  evidently  fhewstk 
fthfence  of  vitriqlic  acid ;  for  that  acid  attr^ds  toq 
ponderola  with  fuch  force,  that,  deferting  every  a* 
ther  bafe,  it  unites  with  that  earth  in  the  Sormd 
nearly  infoluble  atoms. 

(c)  Salited  lime  does  not  precipitate  a 
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TCOOS  powder  until  after  a  day  or  two.— This  pre* 
cipitate  is  occafioncd  by  the  mineral  alkali  which 
the  aerial  add,  fo  long  as  it  remains  in  fufficient 
ifaBMf^  holds  fufpendcd. 

(b)  Ahim  is  decompofed  in  like  manner  by  the 
dUenga^cd  alkali. 

(i)  Sdudon  of  filver  renders  Seltzer  water  im* 
mcdialely  milky,  being  partly  converted  into  a 
fifitcd  filyer,  partly  yielding  its  add  to  the  alkal'mc 

(k)  Sdution  of  mercury,  made  without  heat, 
in  lutroas '  add,  occafions  a  copious  white  preci- 
pbaie  }— the  fblution  made  by  heat  caufes  a  yellow 


F- 


(l)  G>rro{ive  fublimate  precipitates  a  white 
powder,  but  not  until  after  fome  days. — ^If  about 
foiibc  water  be  dif&patcd  by  evaporation  before 
die  fiiblimate  is  added,  no  change  is  obferved; 
bot  after  a  few  days  blackiih  cryftals  appear  by 
degrees.  Of  thefe  cryftals  we  have  ahready  treat- 
cdy  (on  Aerial  Acid,  §  xii). 

(m)  Cryftallized  faccharum  fatumi  immediatdy 
predpitates  a  white  fediment,  which  is  all  foluble 
ID  vinegar. — ^The  fame  happens  with  lead,  either 
united  mih  marine  acid,  or  precipitated  by  fixed 
aOuii*    Vitriol  of  lead  is  not  foluble  in  vinegar. 

(n)  Vitriol  of  iron  depofits  a  white  fediment, 
wbich  gradually  grows  yellow,  even  in  a  botUc 
Ibll  and  well  ftopped. 

<^4  S  VIU 
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§  VII.   Specific  Graviy  of  Seltzer  ff^ater. 

In  a  modt  rate  heat,  I  found  the  fpccific  gravity 
of  Seltzer  water  to  be  1,0027;  hence  the  weight 
of  one  kanne  fhould  be  42,363  grains,  which, 
calculating  from  the  ingredients,  will  be  42,250 
-f-  'JL!^=2J  z=.  42,3244,  as  the  water  fornis  about 
31  grains,  64  to  every  hundred  of  alkali,  allow- 
ing 6  to  the  fca-falt,  and  the  reft  as  in  i  1  v.  The 
weight  of  60  cubic  inches  of  aerial  acid  is  nearly 
30  grains ;  therefore  4^53^3  —  42>3Mi  —  3^  = 
8i ;  the'  difference  of  weights  of  a  kanne^  one  of 
which  is  computed  by  the  fpecific  gravity,  Ac 
other  from  the  quantity  of  the  heterogeneous  coih 
(ents* 


§  VIII*    jinalyfis  of  Spa  Water. 
Principles  collected  by  Evaporation. 

Spa  water  has  a  martial  fub-alkalefcent,  mildi 
and  gently  pungent  taftc.  On  expofurc  to  the 
open  air  for  fome  hours,  it  contra&s  a  fhining  va- 
riegated pellicle  on  the  furfiace. 

(a)  By  quick  boiling  it  feparates  a  ferruginooi 
powder ;  let  this,  collected  by  filtration,  and  a  Uttle 
roafted,  be  put  into  vinegar ;  for  this  mcnftmum 
diffolves  the  earthy  parts,  leaving  the  dephlogifli- 
catcd  iron  untouched,— Whatever  is  afterwards 
c  .  '  precipitated 
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precipitated  from  the  vinegar  by  an  alkali  is  no  o- 
her  than  an  aerated  lime^ 

(b)  During  the  whole  progrcfs  of  evaporation, 
Kvcn  to  the  very  end,  a  white  powder  is  conti- 
oually  feparating,  which  may  be  obtained  from  the 
dry  refiouura  by  fufficient  wafliing  carefully  c<»n- 
duded.  This  generally  diflblves  in  vinegar,  with 
cffcrvefcence,  and  is  found  to  poffefs  the  properties 
of  aerated  magnefia ;  but  fomctimes  a  part  remains 
untouched ;  this  is  gypfum,  and  rarely  amounts  to 
a  grain  in  a  kanne. 

(c)  The  water  with  which  the  refiduum  has 
been  wa(hed,  on  cryftallizing,  exhibits  the  mine- 
ral alkali,  mixed  with  a  few  cubes  of  common 
ialt.  This  alkali,  united  with  vitriolic  acid,  forms 
a  genuine  Glauber's  fait,  fometimes  intermixed 
with  a  few  cryftals,  refembling  vitriolated  vegetable 
alkali. 

(  d)  The  experiments  hitherto  made  fhew,  that 
^  kanne  of  Spa  water  contains^ 


grainf. 

of  aerated  iron. 

3t 

of  aerated  lime. 

8i 

of  aerated  magnefia, 

20 

of  cryftallisxd  mineral  alkali. 

8; 

of  common  Ialt, 

I 

4«t    . 

The 
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The  aerial  fluid  colle&ed  rarely  amounts  to  45 
cubic  inches ;  which  is  all  aerial  acid,  and  is  ab- 
forbed  by  water.— -I  found  not  any  pure  air,  and 
perhaps  it  could  not  long  exift  together  with  aera- 
ted iron,  as  the  pure  air  feizes  the  phlogifton,  and 
flies  off  with  it. 


$  IX.    Habitudes  of  Spa  fVater  with  Precis 
pitants. 

(a)  One  part  of  Spa  water  generally  reddens 
25  of  tindure  of  turnfole.  The  paper  tinged  by 
tumfole  is  rendered  of  a  more  vivid  blue ;  that 
tinged  by  fernambucum  is  made  blue ;  but  paper 
coloured  by  turmeric  is  fcarcely  changed,  undl 
the  water  has  been  a  good  deal  reduced  by  eva* 
poration. 

(b)  A  fmgle  drop  of  tindure  of  galls  renders 
Spa  water  purple ;  and  phlogifticated  alkali  pro* 
duces,  though  flowly,  Pruifian  blue.— -Spa  water, 
after  boiling,  does  not  exhibit  the  fmalleft  fign  of 
iron,  either  by  thefe  precipitants,  or  by  any  other 
method. 

(c)  Cauftic  fixed  alkali,  after  24  hours,  iepa- 
ratcs,  though  fparingly,  a  white  calcareous  powder. 
The  cryftailizcd  alkali  has  no  other  effed  than  to 
deprive  the  water  of  its  pungent  flavour. 

(d)  Concentrated  acids  occafion  a  great  quanti- 
ty of  bubbles. 

(e)  Saccharatcd 
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(e)  Saccharated  vegetable  alkali,  as  alfo  acid 
of  fugar  alone,  precipitates  lime  but  fparingly. 

(f)  Salited  terra  ponderofa  very  rarely  fepa* 
rates  any  thing,  and  when  it  does,  it  is  very  flow- 
ly ;  which  indicates  either  the  abfence  of  vitriolic 
acid,  or  that  its  quantity  is  extremely  fmall. 

(g)  Salited  lime,  after  24  hours,  is  precipitated 
by  the  fixed  alkali  of  the  water. 

(d)  Alum  depofits  its  earth. 

(1)  Solution  of  fUver  throws  down  a  fine  white 
powder. 

(k)  Solution  of  mercury,  made  without  heat, 
fields  a  yellowifli  white  precipitate;  that  made 
with  heat  a  brownifh  yellow. 

(l)  Corrofive  fublimate,  after  24  hours,  fepa- 
rates  a  grey  powder,  which,  if  the  water  be  pre* 
ifioufly  concentrated  by  evaporation,  is  of  a  brown« 
ifh  yellow. 

(m)  Acetated  lead  forms  a  white  precipitate. 

(  N  )  Martial  vitriol  yields  a  white  powder^  which 
gradually  grows  yellow. 

§  X.  Specific  gravity  of  Spa  ff^ater. 

In  an  heat  of  15*  the  fpecific  gravity  of  Spa^ 

water  is  1,0010,  hence  the  weight  of  one  kanne 

ibould  be  42,292  grains ;— but  the  water  of  the 

Tcfiduum  is  about  144,  and  the  weight  of  45  cu« 

tnc  inches  of  atmofpheric  acid  =  22-^ ; — therefore 

42*292 — ^42,250  -f-  ^^  -♦-  22i  =  5 ;  which  is 

dc  difference  fought, 

§xi. 
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$  XI.    Analyjis  of  Pyrmont  Water. 

Principles  collected  by  Evaporation. 

Pyrmont  water  pofleflcs  a  moft  agreeable  Aiba* 
cefcent,  pungent  flavour,  not  unlike  that  of  Cham- 
paigne  wine,  but  at  the  fame  time  martial,  and  a 
little  bitterifti ;  in  the  open  air,  it  contrafts  a  pel- 
fide  like  the  Spa  water. 

(a)  During  ebullition  aerated  iron,  together 
with  aerated  lime,  is  (eparated;  the  former  may 
be  eafily  feparated  from  the  latter,  by  means  of 
vinegar,  as  above  defcribed  (viii.  a). 

(b)  After  filtration,  let  the  evaporation  be  con- 
tinued to  drynefs ;  let  the  refiduum,  wafhed  with 
a  fufficient  quantity  of  diftilled  water,  be  put  into 
vinegar :  the  part  thus  diflblved  fhews  the  proper^ 
ties  of  magnefia ;  that  which  remains  untouched 
is  found  to  be  gypfum. 

(c)  The  water  with  which  the  refiduum  has 
been  waflicd,  being  evaporated,  exhibits  at  firft 
true  vitriolated  magnefia ;  but  towards  the  end, . 
magnefia  mixed  with  common  fait,  which  may  in 
fome  degree  be  feparated  by  conducing  the  eva* 
poration  very  flowly. 

(d)  All  the  ingredients  being  carefully  weigh- 
ed,  there  are  found  in  each  kanne  of  PyrmoDt 
vater, 

graiost 
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gnuns. 

of  aerated  iron  -  3^ 

of  aerated  lime  -  %o 

of  vitriolated  lime  •  38!- 

of  aerated  magnefia         -  45 

<^  vitriolated  magnefia      *-  25 

of  common  (al'^        -        •  ^ 

i 

The  aerial  fluid  coUeded  fometimes  amounts 
t^  more  than  90  cubic  inches,  and  confiiU  entire- 
ly of  aerial  acid  ;  in  general,  however,  the  q^iaxt? 
9ky  of  aerial  add  is  much  imaller. 

5  xfi.   Appearances  qf  Pyrmant  fFater  with 
Precipitants. 

(a)  Pyrmont  water  communicates  a  deeper  red 
tinge  to  tindure  of  tumfole  than  Spa  water  does* 
The  paper  ftained  by  tumfole  has  its  colour  height- 
ened ;  that  With,  feraambucum  grows  blue ;  that 
with  turmeric  is  not  changed,  even  thoi^h  the 
water  has  beoi  much  evaporated. 

(b)  Tmdure  of  galls  and  phlogifticated  alkali 
foon  difcoyer  iron ;  but  the  water,  after  boilings 
fbews  no  figns  of  that  metal. 

(c)  A  finglc  drop  of  cauftic  fixed  alkali,  thrown 
down  a  white  earth,  which,  on  examination,  ex- 
hibits the  qualities  of  magnefia. 

(d)  Con- 
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(d)  Concentrated  acids  occafion  an  eflfervef- 
ccnce. 

(e)  Acid  of  fugar  precipitated  lime  quickly  and. 
copioufly. 

(f)  Salited  terra  pondcrofa  indicates  vitriolic 
acid,  for  a  fpathum  ponderofum  precipitates* 

(g)  Salited  lime  occafions  a  gypfcoua- precipi- 
tate, which  after  24  hours  becomes  vifible. 

(h)  Alum  is  dccompofcd^^  even  after  the  lime 
is  feparated ;  this  effed  is  therefore  produced  by 
the  aerated  magnefia. 

(i)  Solution  of  filver  occafions  a  milky  turbid« 
ne(8. 

(k)  Solution  of  mercury,  made  without  heat, 
occafions  a  whitifh  yellow  precipitate ;  that  made 
with  heat,  exhibits  a  more  copious  fediment,  of  a 
deeper  yellow ;  in  both  cafes,  if  the  folution  be 
gently  dropped  in,  and  the  water  fuffered  to  (land 
quiet,  a  white  cloud  is  fufprnded  over  the  bottom 
of  the  veffcl,  which  indicates  a  falited  mercury. 

(l)  Corrofive  fublimate  after  24  hours  produ-- 
ces  an  ochry  precipitate,  foluble  in  vitriolic  acid  5 
Pyrmont  water,  much  evaporated,  depofits  a  whit^ 
powder,  upon  the  addition  of  corrofive  fubliraatr— 

(m)  Acetated  lead  yields  a  white  powder,  greart. 
part  of  which  refifts  the  action  of  vinegar. 

(n)  Martial  vitriol  yields  at  once  a  white  pr 
dpitatc,  which  grows  yellow,  though  flowly. 

§  xir 
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\  -xiii.    Specific  Gravity  of  Pyrmont  IVater. 

The  fpedfic  gravity  of  Pyrmont  water  is  founds 

in  a  moderate  heat,  to  be  1,0024;  the  weighty 

diercFore,  of  one  kanne  is  42935 1  grains ;  but  as 

the  water  of  the  refiduum  is  364^  and  the  weight  of 

90  cubic  inches  of  atmofpheric  acid  is  45,  42,250 

+.  V^^^^.  -j«  45  =:  5 ;  the  diflFcrence  by  which 

the  weight  of  a  kanne,  computed  by  its  fpecific 

gravity,  exceeds  the  weight  deduced  from  the 

quandty  of  heterogeneous  contents. 


i  XIV.    Comparifan  of  the  Waters  ahcrve  ex^ 
amined. 

That  we  rttay  have,  in  one  fynoptical  view,  the 
contents  of  aU  there  waters,  we  (hall  fet  the  whole 
^  order  in  the  following  Table. 


TABLE 
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§  XV.    Conjecture  concerning  the  fVay  in  which 
Natwe  prepares  thtfe  IVaters. 

Among  the  waters  now  examined j  the  Scydt 
chutz  contains  fcarcely  more  aerial  acid  than  comr 
men  fountain  water:  to  account,  therefore,  for 
the  origin  of  this  water,  fuch  a  fituation  of  its 
channels  as  may  condud  it  through  (Irata  of  ae- 
irated  lime,  &c.  is  fufEcient ;  and  thefe  flrata  are 
found  in  many  places  ;  the  water  paffing  through 
thcfe  by  degrees  takes  up  the  quantity  which  is 
found  in  it  as  above. 

The  three  others  poffefs  fd  large  a  quantity  of 
aerial  acid,  that  they  could  not  have  received  it 
from  the  atmofphere.  This  elaftic  vapour  is  a- 
bundantly  extricated  in  three  different  ways  (on 
Aerial  Acid,  §  ii.)  namely,  by  fermentation,  by 
.firc^  and  by  the  aftion  of  a  more  powerful  acid  : 
the  firft  of  thefe  can  fear cely  be  fuppofed  to  take 
place  in  the  bowels  of  the  earth ;  but  I  fee  no 
reafon  why  the  other  two  may  not  operate,  either 
jointly  or  feparately : — ^Thus  fubterrancan  fire  ex- 
pels the  aerial  acid  from  calcareous  earth,  and 
ftin  more  readily  from  magnefia ;  and  it  is  the 
more  readily  abforbed  by  the  water  which  it 
meets  with,  in  proportion  as  that  water  is  the 
more  divided  into  channels,  as  it  is  the  more  cold, 
atid  the  more  compreffed  by  the  fubtile  elaftic 
fluid.     Nor  is  the  third  method  attended  with  any 

Vol*  !•  R  difficulty ; 
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difEculty ;  for  although,  on  the  furface  of  the 
earth,  water  fcarccly  ever  contains  an  uncomb(- 
ned  mineral  acid,  yet  in  the  bofom  of  the  earth, 
the  vitriolic  acid  muft  be  often  ftt  free  by  the  de- 
flagration of  fulphur ;  and  perhaps  the  Quurioe 
acid  may  be  extricated  from  falited  lime  and  n^g- 
nefia  by  fubterrancous  firc—^Wc  (hall  fooq  fee 
the  efFcds  of  earthy  and  metallic  falts,  when  dc- 
compofed  by  mineral  alkali  or  alkaline  earths. 

Let  us  firfl  gonfider  the  Seltzer  water ;  and  he^ 
gin  by  enquiring  whether  it  owes  its  aerial  add 
(which  is  the  chief  point  in  queftion,  the  oiber 
ingredients  being  found  in  the  bofom  of  the  earth) 
to  the  decompofition  of  middle  falts  by  an  alkali; 
or  to  alkalis  diredly  diffolved  in  acids ;  or,  fina%, 
to  the  extrication  of  that  elaftig  fluid  by  fubiena- 
neous  hpat  ^lone. 

To  examine  the  firfi  fuppofition,  let  U8  foppofe 
that  water  loaded  with  falited  lime  and  "vignrf> 
meets  with  an  aerated  alkali;  now  a  kam^of 
^eltzer  w^^^er  contains   109^  grains  of  commoii 
fait,  in  which  there  are  about  46  of.  pure  oiiiienl 
alkali ;  and  thefe  require  about  37  of  aerial. aqd  to 
faturate  them ;  thaf  is,  74  cubic  inches,  beqmfe 
each  cubic  inch  weighs  about  half  a  grain :  bf|t . 
45;  grains  of  pure  linie  may  be  precipitated  I9 
that  quantity  of  ^Ikaline  fait ;  and  thefe  immediaitt' 
ly  abforb  about  28  grains  of  aerial  acid.    In  tbe 
fame  manner,  by  an  equal  quantity,  upwards  of  n 
35  §f^s  oi  pure  magnefia  are  precipitated;  t^ 

.this 
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this  qoandty,  in  precipitating,  carries  along  with 
it  at  leaft  19^  grains  of  aerial  acid.  Making  a 
calcnladon,  therefore,  it  appears,  that  in  the  firft 
cafe  there  only  remain  to  faturate  the  water  37 — 
«8  =  9  gnuns  =  18  cubic  inches  of  aerial  acid,^ 
which  16  not  fufficient  for  the  purpofe  ($  xiv); 
and  in  the  cafe  of  the  magncfia  37  —  igrt  =  175^ 
grains  =  35  cubic  inches ;  a  quantity  far  too  fmall 
(§  xiv).  The  common  fait,  therefore,  which  is 
prefoit  in  Seltzer  water,  does  not  feem  to  origi* 
nate  in  this  way,  fuppoflng  that  the  water  at 
once  receives  the  60  cubic  inches  of  aerial  acid ; 
but  if  the  water  contains  fo  much  marine  acid  as 
is  fiiffident  for  the  immediate  produ&ion  of  109 
^grains  of  common  fait,  the  end  will  be  completely 
obtauned,  as  all  the  74  cubic  inches  can  without 
diminution  be  applied  to  that  purpofe.  There  is  no 
doubt  but  this  may  take  place,  if  the  aerial  acid 
^  be  expelled  by  fire.— We  now  proceed  to  confider 
::   die  two  martial  waters. 

■  '  Pyrmont  water  contains  7  grains  of  common 
^  &k  in  a  kanne ;  which,  if  we  fuppofe  them  gene- 
r  .Wied  from  lalited  magnefia,  precipitated  by  mine- 
I  T9I  alkali,  will  give  fcarce  more  than  3  cubic 
'~  indies  for  aerating  the  water.  The  vitriolated 
^fine  and  magnefia  are  of  no  ufe  in  this  procefs^ 
-Models  generated  in  the  water  itfelf,  either  by 
Vlkicans  of  a  difengaged  vitriolic  acid,  or,  as  is 
!Uire  probable,  by  the  decompofition  of  martiq^ 

R?  A 
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A  kanne  of  Pyrmont  water  contains  38 j^.graii|B 
of  gypfum,  and  25  of  vitriolated  magnefia:  thefe 
two  falts  together  contain  about  as  much  vitriolic 
acid  as  67  grains  of  cryftallized  green  vitrioL   Let 
us  then  fuppofe,  that  water^  impregnated  with 
this  quantity  of  vitriol,  meets*  with  20!  grains  of 
aerated  lime,  and  about  1 1  grains  of  aeraicd  mag- 
nefia, and  the  above-mentioned  falts  will  aiqiear; 
and  during  this  operation  the  former  bafe  gives 
out  i6t  cubic  inches  of  aerial  acid,  and  the  htter 
6 ;  but  22  [  cubic  inches  fcarce  amount  to  a  icMiitb 
part  of  the  neceflary  bulk,  even  adding  7,  wbkh 
^re  got  from  the  common  ialt,  fuppofmg  it  to  be 
generated   in    the  water;  — a  great . dcfipocfi 
therefore,  ftill  remains,  fo  that  we  nuift  t;ry  ano* 
(her  method. 

Let  us  fuppofe  a  kanne  of  water  loaded  vidi 
976  grains  of  vitriol  (which  is  by  no  means  axor 
vagant,  as  that  quantity  of  water  can  take  sp  op 
wards  of  6,000  grains)  meets  with  235  gtdmd 
iterated  lime;  in  this  cafe  not  only  lOO  oik 
inches  of  aerial  acid  will  be  extricated,  but  enough 
of  the  iron  and  gypfum  will  be  diflolvcd  10  ittf 
rate  the  water-  Ihus,  then,  by  the  additioBflfj 
25  grains  of  vitriolated  magnefia,  wchaveiccMk 
pktc  Pyrmont  watcn 

It  is  otherwilc  with  the  Spa  water — this  Isioyj 
poor  with  rcfpe^t  to  the  quantity  of.  faline  Cfli^j 
tents ;  and,  U'ith  regard  to  the  nature  of  iAj 
ialts,  is  fuch,  as  to  require  a  quantity  of 
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Add,  that  has  been  extricated  externally ; — in 
titts  wat^f,  beiides  the  miiientl  alkali^  lime,  mag** 
Hefia,  and  iron,  (all  of  which  are  united  with  le- 
irial  add),  there  is  nothing  contained,  except  a 
fingie  grain  of  cdmmon  lalt — hence  it  is  plain, 
that  this  water  cannot  be  aerated,  dther  by  the 
fituration  of  marine  acid,  or  by  the  decompofi- 
tkm  of  middle  falts  in  the  water  itfelf.  Now,  in 
Ac  ndgbbourhood  of  Spa  there  are  no  veftiges 
of  fttbterraneous  fire ;  how  then  does  the  water 
Mqmre  the  aerial  acid  in  the  bofom  of  the  earth  ? 
Vfe  firft  obferve^  that  veftiges  of  fubtcrrancan 
fire,  once  abundantly  manifcft,  are  by  lapfe  of 
time  often  fo  defaced,  as  to  be  fcarcely  difcem- 
ftle ;  befides,  a  degree  of  fdbtertaneous  fire,  fuf- 
fident  to  extricate  this  fubtile  acid,  may  eafity 
enft,  without  producing  earthquakes  or  etuptions 
€f  Mf  kind,  and  that  for  any  length  of  time, 
pKmded  the  caufes  be  fo  tempered  that  the  e£feds 
loay  remain  the  fame ;  neither  is  it  neceflary  that 
the  effident  caufe  fhould  be  in  the  ndgbbourhood^ 
for  the  fuperficial  flrata  of  this  globe  are  perfora- 
ted in  almoft  every  direction,  fo  that  the  elaftic 
fluid  may  come  through  a  variety  of  channels,  from 
phoes  Very  remote*  In  the  prefent  inflance  it  ap- 
pears, that  the  aerial  acid  mud  have  pafled  through 
ft  length  of  Way,  as  it  is  found  to  have  depofited 
an  its  heat ;  but  martial  vitriol  alone,  diflblved  in 
water,  and  penetrating  (Irata,  which  contain  ei- 
Ibcr  alkaline  falts,  lime,  or  magnefia,  may,  by 
Rx3  decooi* 
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ckcompofition,  extricate  a  fufBcient  quantity  of 
aefial  acid ;  which  being  conduded  to  a  great  di- 
fiance  from  the  place  of  its  origin,  may  be  lb  uni- 
ted  with  water,  that  fuch  water  (hall  not  exhibit 
the  flighted  marks  of  thofe  fubftance$  which  con* 
tributed  to  its  impregnation. 

I  have  fometimes  found  a  fmall  .portion  of  gyp- 
fum  in  Spa  water,  in  the  quantity  of  about  one 
grain  to  a  kanne;  but  how  can  this  be,' if  we 
fuppofe  a  difengaged  mineral  alkali  (or  rather  aa 
alkali  only,  united  with  aerial  acid)  to  be  prefent^ 
as  fuch  an  alkali  attrads  the  vitriolic  acid  nu>re 
powerfully  than  lime  does  ?     We  .  may  obferve 
firft,  that  there  is  only  x-^  of  a  grain  of  gypTom 
in  a  cubic  inch  of  water ;  and  of  the  mineral  al* 
kali,  no  more  than  tV  of  a  grain ;  for  the  combi» 
nation  of  mineral  alkali  and  aerial  acid  is  not  fpoiw 
taneoufly    decompofed  :     fubftances,     therefore, 
which  arc  fo  thinly  fcattered  through  the  Ti^ater, 
may  reafonably  be  fuppofcd  to  ad  very  flowly  up- 
on each  other,  efpecially  as  the  alkali,  when  aera* 
ted,  is  very  inadive.  .  An  example  will  {hew  bov 
the  adivity  of  fubftances  is  reprefled  by  aetul 
acid :  —-let  vitriolated  magnefia  be  diflfolved  ia 
water ;  drop  in  a  little  lime-water,  and  inftandj 
the  magnefia  falls  to  the  bottom,  having  yielded 
its  acid  to  the  lime ;  but  if  pieces  of  chalk  or  cal? 
careous  fpar  be  put  into  the  folution,  no  decern* 
pofition  can  be  produced,  even  by  boiling :  hence 

ve 
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vrc  Ice  how,  in  Scydfchutz  water,  vitriolated  mag*  ' 
nefia  may  exift,  together  with  aerated  lime. 
,  Befides,  mod  commonly,  there  is  no  gypfum 
faiin4  in  Spa  water:  whether  this  happens  be* 
caufe  the  water  is  taken  from  different  fprings,  or 
whether  the  number  of  principles  is  not  always 
die  iame  in  the  lame  fpring,  I  have  no  doubt  but 
that  the  proportion  of  the  ingredients  does  fre- 
quently vary»  and  i  am  confirmed  in  this  opinion 
by  experience,  and  the  nature  of  the  thing  itfelf* 

§  XVI.    Whether  the  IVaters  above  examined 
be  imitable  by  Art. 

The  completion  of  any  analyfis  can  by  no  other 
means  be  fo  clearly  evinced  as  by  producing  fyn- 
thctically  a  perfed  imitation  of  the  thing  analy- 
Icd ;  as  it  thence  appears  that  we  have  not  only 
dHcovered  the  primary  princifJes,  but  alfo  the 
true  method  of  uniting  them.  We  are  now  to 
try  what  can  be  done  in  the  prefent  cafe.  From 
what  has  been  faid,  it  appears,  that  the  art  of 
preparing  medicated  waters  comprehends  two 
drcumftances  of  moment;  firft,  it  is  requifite 
that  water,  pure,  and  totally  defUtute  of  every 
fort  of  tafte,  be  as  it  were  vivified  by  aerial  acid, 
which  conftitutes  the  genuine  mineral  fpirit  as  it 
is  called;  by 'this  the  water  acquires  a  grateful, 
fiibtile,  penetrating  tafte,  together  with  fmgular 
virtues ;  but  the  ei&cacy  of  this  acid  muft  be  fe- 
R  4  *  conded 
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conded  by  other  groffer  fubftances,  which  deters 
mine  the  peculiar  nature  of  the  water ;  fo  that 
one  fhall  refemble  Seltzer,  another  Spa,  and  a 
third  Pyrmont  water;— the  firft  of  thefe  diffien 
much  from  the  other  two  in  its  nature  and  pro^ 
perties,  nor  do  the  two  chalybeate  waters  altoge* 
ther  agree*  It  is  not  therefore  fufiicient,  for  did 
imitation  of  thefe  mineral  waters,  to  be  acquaint* 
ed  with  the  method  of  impregnating  water  wit|i 
aerial  acid :  the  principles  proper  to  each,  from 
whence  their  fpecific  virtue  and  efficacy  is  derived, 
mud  alfo  be  accurately  underftood* 

Many  perfons  are  firmly  perfuaded,  that  in  the 
natural  produdlion  of  medicated  waters,  there 
takes  place  a  certain  degree  of  fermentation^  as 
they  are  plcafed  to  call  it,  which  can  never  be  imi- 
tated by  art :  but  thofe  who  are  well  acquainted' 
with  the  fubjedt  are  of  a  very  different  opinioiu 
The  qucftion  is  entirely  reducible  to  this,  viz.  to 
difcover  accurately  the  heterogeneous  contents  of 
thofe  waters,  and  to  unite  thofe  heterogeneous 
matters  with  pure  water  It  can  be  of  little  coo- 
fequcnce  whether  the  water  difperfed  through  the 
bowels  of  the  earth,  by  paffing  through  certam 
ftrata  extrad  certain  materials,  or  whether  thofe 
very  materials  be  artificially  added  in  proper  quao« 
tity  :-^the  hand  that  fupplies  the  ingredient*  can 
make  no  difference  in  the  refult. 


S  xvix. 
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I XV 1 1;    The  Method  of  derating  Water. 

The  mod  fimple  method  is  that  which  Vend 
b0W  emplayed,  and  I  believe  is  the  fame  as  that 
fircquently  employed  by  nature  for  the  iame  pur* 
pofe  ($  XVI.) :  but  in  order  to  generate  in  water 
the  proper  neutral  or  middle  lalts,  a  more  labori** 
MS  and  cautious  management  is  neceflary ;  as  we 
arc  not  in  pofleffion  of  an  eafy  and  commodious 
method  of  meafuring  either  the  ftrength  of  the 
menftrua,  or  the  quantities  neceflary  for  faturating 
diem.— >The  following  is  the  method  which  I  at 
firft  cmjJoycd  :— 

A  B  is  a  glais  veflel,  fonewhat  (fig.  ii.)  more 
than  half  filled  with  water,  and  chalk  coarfely  pow- 
dered ;  the  tube  a  c  d  is  fo  fitted  to  the  mouth 
of  the  bottle,  that  not  the  lead  air  can  efcape* 
The  tube  e,  in  the  fide  of  the  bottle,  is  accurate- 
ly dofed  by  the  ftopper  f,  as  foon  as  fome  drops 
of  vitriolic  acid  hive  been  poured  in  :  this  acid, 
as  icon  as  it  falls,  begins  to  expel  the  weaker  ae* 
rial  acid  fi'om  the  chalk ;  which,  rifing  in  the  form 
of  an  elaftic  fluid,  is  conducted  by  the  tube  to  the 
bottom  of  the  water  in  the  veflcl  g  h  :  this  veflel 
is  chofen  long  and  na];row,  that  the  aerial  acid 
may  be  more  completely  abforbed  in  its  paflage 
through  the  water.  A  wet  bladder  is  tied  round 
the  neck  of  the  botde  o  h,  and  the  tube,  fo  as  to 
Confine  the  aerial  acid,  which  would  otherwife  e« 

fcapc : 
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fcape  :    this  rcfiftance,  however,  muft  not  be  too 
great,  as  in  that  cafe  no  aerial  acid  will  be  produ* 
ced,  (on  Aerial  Acid,  §  1 1.).     The  efcape  of  the 
aerial  acid  may  therefore  be  regulated  by  si  pin- 
faole  in  the  bladder ;    as  foon  as  the  efferVefcenco 
ceafes,  more  acid  is  to  be  poured  in,  through  the 
tube,  and  this  repeated  until  the  water  has  rccei* 
ved  the  proper  quantity  of  aerial  acid,  which  may 
be  determined  by  the  tafte,  or  more  accurately 
by  tinfture  of  turnfole.    In  this  manner  I  firft  pre- 
pared aerated  water ;    but  it  may  be  done  much 
more  commodioufly  by  the  funnel  o,  which,  ac- 
cording  to  Mr  Lavoifier's  method,  is  fo  (hut  by 
the  glafs  rod  p,  that  the  vitriolic  acid  falls  down 
fpontaneoufly  and  gradually,— I  fometimes  have 
employed  a  fmall  fermenting  mafs  (fig.vii.  tab.  a.)f 
and  that  with  the  btft  fuccefe ;    but  after  I  had 
learned,  from  the  writings  of  Dr  Pricftly,  the^ad* 
vantage  arifmg  from  agitating  thew&tcr,  iefifcded 
this  purpofe  in  two  more  eafy  ways.      . 
,    (a)  Fig.  iv.  will  explain  the  firft  of  thefe  me- 
thods better  than  any  verbal  defcription.     a  b  is 
a  glafs  bottle^    fitted  with  a  lateral  tube,  and  a 
glafs  ftopper ;    in  this  bottle  an  efFervefcence  is 
produced  by  means  of  chalk  and  vitriolic  acid : 
E  is  a  common  glafs  bottle,  filled  with  the  pureft 
water,  and  then  ftopped  by  a  cork,  fo  clofely  that 
it  cannot  admit  any  air;   it  is  then  inverted,  and 
fet  in  a  groove,  cut  in  the  board  g  f,  laid  acroft 
the  veflfel  h  i,  filled  with  water }  the  cork  is  then 

taken 
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-taken  out,  aud  the  aerial  acid  expelled  by  the  vi- 
triolic is  conduced  into  the  bottle  by  the  tube 
ii  c  D  :   the  glafs  tube  l  n  o  pafles  through  the 

.cork :  p  a  is  alfo  made  of  glals,  and  is  fitted  to 
the  former  by  the  intervention  of  the  tube  o  p, 
which  is  made  of  elafttc  refm,  and  tied  to  both, 
(this  nught  be  made  of  flexible  leather,  but  where 
the  (ides  cro(s,  it  muft  be  fewed  only  half  through, 
otherwife  the  air  will  efcape  through  the  holes 
made  by  the  needle) :  the  joint  o  p  is  made  flex- 
ible, that  the  bottle  a  b  may  be  fliaken,  by  which 
the  extrication  of  aerial  acid  is  much  expedited  ; 
but  this  mud  be  done  gently,  left  fome  of  the 
chalk  (hould  enter  the  tube  a  c,  and  mix  with  the 
.water.  For  the  lame  reafon,  only  a  fmall  quantity 
4>f  vitriolic  add  is  to  be  added  at  one  time ;  for  if 
ioo  much  be  added,  fo  violent  an  effervefcence 
.will  be  occaiioned,  as  to  carry  over  into  the  tube 
^  quantity  of  the  chalk :  it  is  neccflary  to  obfcrve, 
that  not  the  fmallcft  cranny  (hould  be  left  open  for 
.the  efcape  of  aerial  acid;  therefore 'the  ftopperrf 
•the  lateral  tube  muft  be  ctofely  fitted,  and  every 
part  about  the  neck  of  the  bottle  a  b^  and  tube, 
completely  (hut  up :  the  extremity  q,  may  be  ea(ily 
put  in  and  taken  out  of  the  bottle,  by  the  forceps, 
fig.vi. 

The  apparatus  being  prepared,  I  impregnate 
.the  water  in  the  following  manner  : — I  fill  the 
|>ottle  fomewhat  more  than  half  with  aerial  acid ; 
this  being  done,  1  let  fall  to  the  bottom  of  the 
:  vcflcl 
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vcflcl  the  fauccr  k  ;    I  then  cautioufly  remove  the 
bottle  from  the  groove  in  the  board,  keeping  its 
mouth  ftill  under  the  furiacc  of  the  water,  and 
fetting  its  mouth  upon  the  Taucer  k,   I  agitate  it 
violently  for  fome  minutes  :  during  this  operation 
the  empty  fpace  in  the  bottle  diminiflies,  the  wa- 
ter, by  agitation,  prefenting  a  larger  furface  of 
contad  to  the  aerial  acid,  which  is  therefore  more 
readily  abforbcd  ;  the  bottle,  however,  cannot  be 
entirely  filled  the  firft  time,   as  fome  povtion  of 
common  air  remains,  which  will  not  unite  with 
water ;  I  therefore  cork  the  bottle  under  the  fur- 
face  of  the  water,  turn  it  up,   and  fill  the  empty 
(pace  with  water ;  1  again  invert  the  bottle  in  the 
wiater,  half  fill  it  again  with  aerial  acid,  agitate  it 
as  before,  and  then  generally  obtain  it  full.    As 
the  water  expelled  from  the  bottle  is  diluted  with 
that  in  the  di(h,  it  is  neceiTarily  the  le&  impregna^ 
ted  when  it  re- enters  the  bottle*     If,  therefbrci 
the  water  is  to  be  faturated,  in  which  procefs  it 
takes  up  nearly  its  own  bulk,  (on  Aerial  Acid> 
IV.),  the  above-mentioned  operation  mufl  be  re^ 
peated  a  third  time ;  and  hence  may  eafily  be  de- 
duced a  method  of  impregnating  water  in  amy  gi« 
ven  leffcr  proportion. 

It  is  in  general  to  be  obferved,  that  the  coUct 
water  is,  the  more  aerial  acid  will  it  abforb ;  there** 
fore  this  operation  fhould  be  performed  in  a  coot 
place,  and  the  body  of  the  bottle  handled  as  littk 
as  may  be. 
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I  odake  ufi:  ocqJionally  of  bottles  of  diffi:rcqt 
fizes,  generally  fuch  as  contain  half  a  kanne^  b\j(t 
fometimes  (far  expedition  iakc)  thpiie  of  2^  iiox^ 
kannes ;  but  the  larger  arc  both  inconvenient,  on 
account  of  dieir  weight,  and  are  liable  either  to  be 
broken  themfelves  or  to  break  the  lauccr,  unldb 
bandied  with  caution. 

.  By  this  method  a  bottle  of  water  may  be  iat^^* 
cated  in  about  ten  minutes :  if  the  bottle,  half 
filled  with  aerial  acid^  be  fu&red  to  (land  invert- 
td  upon  the  board,  the  water  wiU,  in  a  cool  place^ 
rife  fpontaneoufly  without  any  agi^ition ;  but  this 
will  happen  flowly,  as  before  obferved* 

(b;  The  other  method  is  much  more  eafy,  and 
Impregnates  a  large  q^iantity  at  one  time,  but  is 
^tended  with  this  inconvenience,  that  it  requires 
a  very  large  fermenting  ma& :  when  this  can  be 
liady  let  a  veflel  be  prepared,  fimilar  to  that  m 
which  the  mafs  is  let  to  ferment,  but  of  fmaller 
diameter,  ib  that  the  veflel  which  holds  the  fer- 
menting ma&  may  contain  it ;  let  its  height  be  fo 
adjttfted  to  the  empty  fpace  in  the  larger  veflel, 
that  when  the  bottom  of  the  leller  touches  the  fer* 
ineiuing  mafs,  its  upper  edge  may  (land  three  or 
four  inches  at  lead  beneath  the  upper  edge  of  the 
larger  veiTel- 

in  the  middle  of  this  veflel,  let  an  axis  be  ercd- 
cd  perpendicularly,  fo  that,  by  means  of  an  handle, 
H  iiiay  be  turned  round  horiaontally  ;  let  there  be 
^tpned  to  this  axis  three  or  four  wooden  plates, 

fome 
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{Jatc  muft  be  poliflied  afre(h  as  oftei>  as  klofes  tit 
iplendour*  -o 

By  the  method  juft  defcribed  waters  are  obtabi* 
en,  agreeing  both  in  flavour  and  virtue  with  thofe 
brought  from  foreign  countries  ;  but  as  feme  of 
:the  fubftances  contained  are  jufUy  efteemed  of  a 
fufpicious  nature,  I  am  of  opinion  that  they  fhould 
by  all  means  be  omitted :  thefe  are  the  calcareous 
and  gypfeous  matters ;  and  I  am  perfuaded  that 
no  perfon  will  imagine  that  chalk  or  gypfum  can 
contribute  to  the  lalubrity  of  waters ;  but  that,  oa 
the  contrary,  they  may  give  occafion  to  grievous 
obftru<£Hon$*    The  Pyrmont  water  contsuns  thefe 
fubftances  in  confiderable  quantity,  and  for  that 
resilbn  is  hurtful  to  many  conftitutions :  for  twdve 
kannes  of  this  water  (which  is  the  quantity  ufuallj 
taken  in  twenty-four  days)  contain  half  an  ounce 
cC  aerated  lime,  and  an  ounce  and  a  half  of  gyp- 
fum— ^a  load  which  few  ftomachs  are  able  to  bear* 

As  to  the  magnefia,  I  do  not  indeed  confider 
it  a$  noxious ;  but  as  it  diiTolves  flowly,  and  what* 
ever  cScGt  it  has  may  be  eafily  fupplied  in  another 
way,  I  omit  it ;  efpecially  as  experience  fliews  that 
the  waters  thus  correded  are  equal,  ifnotfupe* 
rior,  both  in  taftc  and  virtue,  to  the  natural  wa^ 
ters.r-Tl  generally  make  ufe  of  water  fully  impveg. 
nated  with  aerial  acid. 

The  imported  waters  which  have  been  exami* 
ned  have  no  doubt  fuffered  fome  change  during 
the  voyage. — ^The  experienced  Seip  relates,  that 
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a  phlogifticated  vitriolic  acid,  and  a  true  fulphiir^ 
may  be  ntraded  from  the  ^triolated  magnefia  of 
t'yraiont  watery  by  diftiilation,  without  any  addi* 
tioa.  In  order  ttf  obtain  half  a  pound  of  this  vU 
iriolated  magnefia  (which  is  heceflary  for  his  ex« 
feriment)  we  mtift  evaporate  upvhtrds  of  115 
kannes  of  the  water,  which  I  have  never  had  art 
opportunity  of  doing  ;-^  hate,  however,  tried 
finaller  quantities,  but  never  could  difcover  the 
fiDalleft  particle  of  the  fubftances  he  mehtions  i^^ 
perhaps  the  magdcfia  which  is  united  with  phio- 
gifticated  vitriolic  acid  in  the  frefh  water,  lofes 
the  inflammable  principle  during  the  voyage ;  fb 
that,  on  its  arrival  in  Sweden,  it  retains  little  of 
none  of  it ;  in  the  fame  manner  as  the  fulphurated 
£dt  of  Stahl  thanges  by  time  into  vitriohted  vege- 
table alkalii  This  ingenious  philofopher  (Seip) 
to  whom  the  aerial  acid  was  unknovm,  contend^^ 
tiiat  the  phlogifticated  vitriolic  acid  b  the  true  mi- 
aeral  fpirit ;  that  it  adhered  to  thfe  iron  in  Pyrmont 
water  iintil  expofed  to  the  air ;  and  that  then,  by 
means  of  a  ftroAger  ele£bfve  attraftion,  it  feizes  the 
magnefia,  which  h  waft  not  able  to  do  in  the  clofe 
and  confined  fubterraneous  pairages.-^^This  expla« 
nation,  though  approted  of  by  many,  is  foufnd,  up- 
tm  examination,  tb  be  qiiife  cdntradidory  to  hGt; 
^--for,  let  Us  fuppofe  the  wetter  loaded  with  a 
Quantity  of  vitriol  fufficient  to  genefote  25  grains 
of  vitriolated  magnefia,  that  is,  containmg  if 
grains  of  martial  titiiol  in  three  cubic  inches  of 
Vol.  I.  S  dillillcd 
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diftillcd  water ;  let  this  water  be  put  into  m  bdttlc 
of  fuch  a  fize  that  it  will  be  quite  filled  by  she  ad« 
dition  of  i  o  grains  and  an  half  of  magne(ia»  and 
let  the  bottle  be  then  clofcly  (lopped ;  let  this.bot* 
tie  be  fhaken  from  time  to  time»  the  magnefia  ^ 
quickly  difappear,  and  in  its  place  will  be  found 
a  large  quantity  of  ochre,  of  a  greenifli  colour,  u 
containing  both  aerial  acid  and  a  confiderable  per* 
tion  of  phlogiftpn }  and  all  this  takes  place  with*' 
out  any  motion  or  effervefcence :  in  the  ^pace  of 
about  an  hour  the  water  is  found  totally  vdd  of 
vitriol,  loaded  with  25  grains  of  vitriolated  itia^- 
nefia,  faturatcd  with  aerial  acid,  and  contauniiy 
an  aerated  iron: — the  rcafon  of  this  isevideoi^ 
10^  grains  of  magnefia  contain  about  3  cubic 
inches  of  aerial  acid,  which  an  equal  bulk  of  wa- 
ter is  able  to  abforb ;  no  fuch  obftacle  therefore 
occurs  in  this  cafe,  much  lefs  in  a  whole  kanne  of 
water,  as  1  have  elfewhere  mentioned.  In  the 
fame  inflant,  then,  that  the  vitriolic  acid  ezpdi 
the  aerial,  the  water  abforbs  it.  The  quantity  of 
vitriol  employed  contains  above  4^  grains  of  iro|i 
flightly  calcined }  now,  100  cubic  inches  of  aen- 
ted  water  can  only  take  up  3;  grains,  fo  that  3  cu- 
bic inches  of  water  can  fcarcely  diflblve  moit 
than  -ri-v'  the  bottle  being  opened,  the  vittio* 
Jated  magnefia  may  foon  be  feparated  by  alcohol( 
aiid  this  is  the  cafe  in  Pyrmont  water  ;  the  phlo* 
gifticated,  as  well  as  the  common  vitriolic  ackl^ 
feparates  thp  aerial  acid  from  magnefia.— -All  dw 

bypothtfisi 
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hypothefit,  therefore,  bSk  to  the  groand,  being 
vohI  of  foandation ;— «nd  Pjrrmoiit  water,  expo* 
fed  to  the  airi  grows  turbid^  and  lofcs  iu  virtue, 
not  oft  account  of  any  tranTpofiticm  of  its  princt- 
pica,  but  on  account  of  the  departure  of  the  vo* 
ladle  menftruuou 

In  the  dry  way,  vitriolic  add  with  phlogifton, 
generates  fulphur  (  but  whence  can  fo  much  phlo- 
giftoB  be  joined  with  the  vitriohted  magnefia  in 
Pyrmont  water? — if  the  firparated  iron  ftiU  rc« 
Buuni  Quxcd  with  it,  the  difficulty  is  eafily  re« 
DMvcd,  as  this  metal,  when  flightly  calcined,  ftill 
retahia  mudi  phlogifton :  if,  after  the  removal  of 
Aie-  iron,  fulphur  is  produced,  the  caufe  of  this 
pluttiomenon,  being  oblcure,  (hould  be  czamined 
il  die  country  where  the  water  is  produced. 

I  XIX.   The  Preparation  of  artificial  medicated 
ff^aters  in  Sweden* 

bi  die  year  1770,  being  attacked  by  a  fevere 
bsHnorihoidal  colic,  I  was  obliged  to  take  above 
^1^  bottles  of  foreign  medicated  waters.  By 
iicfe  the  fymptoms,  which  were  attended  with 
rscmdating  pwi,  were  ibmewhat  mitigated ;  in 
iie  mean  time  I  examined  the  nature  and  princi- 
ales  of  tfaefe  waters  with  the  greateft  attention,  as 
[  moft  eameftly  wifhed  to  be  able  to  imitate  them 
^erficQIy;  for  befides  their  extreme  dcarnefs  in 
ihis  country,  in  the  begimung  of  fpi'mg,  when 
S  z  not 
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'Kiot  only  difeafes,  thd  foandations  of  wliidi  hiife 
been  laid  during  the  (tventj  of  the  winter,  jm* 
vail  very  much,  but  my  complaints  are  alfoptf- 
ticularly  trouUefome,  thcfe  waters  caimot  be  had 
frefh  and  good  at  any  price.— I  (bon  redlped  the 
wifhed-for  frUit  of  my  labours^  for  in  the  year  ftl- 
lowing  Ifubftituted  the  artificial  to  the  natmal 
waters,  and  not  only  ufed  them  myfelf  y^inA  Cf- 
nal  advantage,  but  gaire  them  to  many  of  ay 
friends  with  the  Kke  fuccefr^    AU  that  tim^  I  aftd 
the  method  above  defcribed  for  impregnating  n^ 
ter  vnth  ifij^ed  air ;  but,  in  the  year  17739  I  km- 
ed  Dr  Prieftly's  method,  which,  with  a  Gttic  al- 
teration, I  have  fmce  continued  to  pradifed— Tie 
£ime  year,  in  a  (hort  Treatife  on  the  Aerial  Aod^ 
which  the  Royal  Academy  of  Sdepces  at  Slod* 
holm  inferted  in  their  A&s,  I  mentioned  in  a  cor* 
^ory  way  that  I  had  for  fome  time  prepared. If 
myfelf  and  fome  of  my  friends  artificial  mcdic^ri 
waters,   entirely  refembling  the  natural  mun 
both  in  flavour  and  virtue.— The  celebrated  ikcr^ 
who  then  lived  at  Paris,  took  that  opportoaiiy  tf 
writing  to  my  friend  Mr  Wargentin,  reqvcffii| 
me  to  defcribe  the  method  I  purfuedw— Thai 
complied  with,  by  (ending  a  Treatife  on  dm  U^ 
je£l  to  the  Royal  Academy  of  Sciences  at  Slodc- 
holm  in  1774,  which  they  inferted  in  thdrASi 
for  the  following  year. 

From  the  very  nature  of  the  thing  it  moft  be 
obrious,  that  an  invention  of  this  lund,  howeiet 

vfefil. 
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tliefiil»  €annot  poiBblf  be  unhreriiaQly  pieafihg.--^ 
Manflrho  arc  incapable  of  afcertaiiiing  or  judg« 
liig  of  the  truth,  wiU  diftruft  it,  not  without  rea^r 
fon,  on  account  of  its  novdty ;— 4nany  contend, 
diat  ta  imitate  nature  is  impoffible,  without  cdn^ 
fidering,  that  when  the  component  parts  are  tho^ 
roughly  known,  the  fuccefs  of  the  procefs  cannot 
iA  any  degree  depend  upon  the  hand  which  com* 
bines  them.— Some  who  prefcribe,  and  others 
vriM>  (ell  the  foreign  waters,  condemn  the  artificial,^ 
for  ob?iou8  realbns ;  and  not  a  few  are  urged  by 
mocifeatoo  trivial  to  be  detailed.  Befidcs,  the 
negligence  of  inexperienced  operators  or  impure 
Materials,  may  eaiily  defeat  the  whole  operation. 
The  wsttcr  itfelf,  if  it  has  any  ofl^five  tafte,  will 
tfet^  it  after  the  proceis,  and  by  that  means  bring 
ttnc  invention  into  difrepuSte.  Thofe  that  are  pre- 
pared in  the  very  beft  manner,  nay,  the  natural 
watOrsthemielves,  grow  vapid  on  the  addition  of 
%  finall  quantity  of  minersd  alkali,  though  they  ftiil 
. .  mbmxiftM  properties,  *only  the  pungency  of  the 

serial  acid  is  in  this  cafe '»cprefled. 
•,  —  j&U'thefe  obftacles,  however,  have  not  prevent- 
"^  '^  the  preparation  and  iiicceisful  ufe  of  artificial 
^    -teedicaled  waters,  even  in  the  moft  diftant  pro- 
vinces of  Sweden  ;  and  the  ufe  ot  fuch  waters  has 
prevatted  generally,  although  I  only  propofcd  then^ 
in  cafes  of  necefiity,   where  the  natural  wateifs 
'could  iidtbe  had:  and  even  thofe  who  at  firft 
8  3  «Qiil4 
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could  not  patiently  hear  them  mentioned^  now 
make  ufc  of  them,  and  highly  commend  tbem. 

Ih  general  they  produce  the  fame  good  €& 
feds  as  the  natural  waters,  and  in  iome  ioftan* 
ces  even  feem  to  excel  them :  my  own  beakh, 
Ithough  not  perfeSly  eftablilhcdf  has,  from  the 
ible  ufe  of  theih,  been  reftored  beyond  eaqtefia- 
tion.  Every  year,  about  the  middle  c^  winter, 
jthe  beginning  of  fummer,  and  in  autumn,  I  life 
about  fcven  kannes  in  the  fpace  of  three  Weeks, 
and  that  in  the  following  manner :— I  firft  drink  a 
few  kannes  of  Seltzer  water,  I  then  Cdc  the  Spa, 
which,  with  refped  to  the  uncombined  alkaEi 
moft  nearly  refembles  the  Seltaer,  and  {  alwajfi 
finifli  with  the  Pyrmont ;  I  take  no  more  dian  the 
third  part  of  a  kanne  every  day,  as,  by  the  eipe« 
lience  of  feveral  years,  1  have  found  that  a  brgcr 
quantity  is  difagreeable  to  my  ftomach. 

I  have  aifo  feen,  with  great  pleafure,  BiaD| 
other  complaints  either  entirely  removed,  or  at 
leaft  alleviated,  by  thefe  means.  A  circumftnce, 
which  afforded  me  iingular  pleafure,  as  1  bidfcr]f 
anzioufly  wilhed  to  fucceed  in  this  eaperimcnt>- 
a  boy  of  fcven  years  old,  at  Uplal,  had  for  tomt 
time  been  affli£ted  by  a  violent  gout,  which  had 
baffled  all  remedy  ;  in  the  year  17759  he  nfedftr 
a  month  the  Seltzer  water,  prepared  for  him  bf 
his  £tither,  according  to  my  inftru£Uoiis>  and 
foon  recovered  perfc^  health,  wUch  be  eojofl  tP 
(his  day. 
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A  young  gentleman,  a  ftudent,  about  23  years 
old,  was  fo  afflided  by  the  gout,  that  he  could 
'not,  cren  by  the  help  of  a  ftick,  move  from  one 
Icat  to  another :  he  began  the  ufe  of  the  artificial 
waters,  firft  Seltzer,  then  Pyrmont,  and  recover* 
ed  in  the  fpace  of  one  month. 
-"  Befides,  the  intermittent  fevers,  which  for  fome 
time  pafl  were  epidemic  in  Sweden,  were  fo  ol>- 
ftmate,  that  they  refiifed  to  yield  either  to  Peru- 
Tian  bark,  or  the  other  ufual  remedies,  but  were 
fbon  removed  by  the  artificial  waters,  particularly 
Sdtzer,  unlefs  the  cure  was  impeded  by  errors  in 
diec 

I  pafs  over  innumerable  other  examples,  which, 
indeed,  encreafe  dmiy,  and  would  require  a  par« 
ucular  defcription ;  but  I  cannot  avoid  here  men« 
Qoning  a  fingular  phamomenon  :-^e  hacmor- 
riioiib,  with  which  I  am  affliftcd,  break  fponta* 
necmfly,  while  I  am  in  health,  generally  every 
2«tfa  day,  but  only  difcharge  a  few  drops ;  they 
are,  however,  often  flopped,  efpecially  at  the  ap« 
pfoadi  of  cold  weather,  and  then  occafion  a  num- 
ber of  diftreifing  iymptoms :  to  remedy  thefe  I 
find  nothing  fo  etfedual  as  drinking  the  artificial 
jBdtzer  water ;  and  in  the  courfe  of  eight  years, 
during  which  I  have  been  ufing  it,  it  never 
£uled  me  once;  the  cffcSt  is,  to  open  the  hae- 
morrhoids ^thin  fix  days,  fometimes  on  the  third 
or  fourth,  upon  which  i  immediately  find  relief. 
"•^I  leave  to  the  (kilful  in  medicine  ^c  explanation 
$4  of 
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pf  this  phenomenon,  which  I  have  obferved  not 
only  in  myfelf,  bi^t  in  many  others  affeded  in  the 
iamc  way,  to  whom  I  recommended  it  to  pay 
fome  attention  to  this  circumftance.  Now,  at 
the  fame  eflfed  in  this  cafe  follows  the  ufe  of  the 
natural  and  the  artificial  Seltzer  water,  I  cannot 
floubt  of  their  identity,  any  more  than  of  that  of 
the  others* 
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f  I.    Different  Species  of  Hot  Waters^ 

THE  benign  care  of  our  All-wife  Creator  hai 
not  only  provided  for  man's  ufe  cold  medi* 
cated  waters,  but  many  hot  medicinal  fpringt 
are  found  in  various  parts  of  our  globe ;  and  at 
the  ufe  of  the  former  is  found  not  to  be  reftrided^ 
but  extenfive  and  widely  diveriified,  fo  in  like 
manner  the  latter  are  endowed  with  a  great  num* 
bcr  of  ufcful  properties.  Some  of  thicfe  hot  wa- 
ters feem  to  p<)flels  no  remarkable  virtue  with  re- 
gard to  the  human  body,  while  others  quickly 
(£fi)el  i  variety  of  difeales  in  a  very  lingular  and 

extraordinary 
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extraordinary  manner.    Water  does  not  feeai  ea* 
pable  of  producing  any  notable  effed  upon  the 
human  body  of  itfelf ;  to  this  end  it  appears  ^, 
difpcnfably  neceflary  that  it  (hould  be  imprq^na* 
ted  with  a  certain  fubtile  and  elaftic  aura,  whidi, 
when  extricated  in  the  primae  viae,  is  not  only  of 
itfelf  able  to  effed  falutary  changes,  but  aifo  fo 
acuates,  ftrengthens,  and  as  it,  were  vivifies  the 
heterogefieous  matters  contained  in  the  water,  that 
they  can  penetrate  to  parts  they  otherwife  could 
not  reach,  and  poflcfs  powers  which  alone  they 
could  never  exert.     That  the  aerial  acid  performs 
this  office  in  the  cold  medicated  waters  is,  I  ima- 
gine,  eftabliihed  beyond  doubt  in   the  forego- 
ing Treatife ; — it  reniains  now  to  be  examined, 
whether  the  fame  fluid  is  contained  in  the  hot 
waters,  or  whether  they  are  ailifted  by  an  elaftic 
fluid  of  another  kind. 

When  we  examine  the  medicinal  hot  waters  in 
general,  we  find  a  remarkable  diflference  obvious 
to  the  fenfes :  for  fome,  fuch  as  the  Cardine  baths 
in  Bohemia,  do  not  ftrike  the  finell  in  any  parti- 
cular manner,  and  feem  not  to  exhale  any  thing 
more  than  a  moifl:  and  fuffbcating  vapour }  others, 
fuch  as  thofe  of  Aix,  difperfe  far  and  wide  a  mpft 
fubtile,  ungrateful,  foetid  odour,  rcfembl'mg  tliat 
of  putrid  eggs,  or  more  exadly  that  which  is 
emitted  by  a  folution  of  faline  hepar,  efpecially 
upon  the  addition  of  an  acid.  The  former  maH 
^ertainly^  derive  their  efficacy  from  the  aqrial  agd, 

and 
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and  ire  therefore  juftly  called  aerated ;  but  the 
laiter  are  ctf  a  very  different  nature,  and  may, 
from  their  hepatic  fmell,  not  improperly  be  called 
facpatifatcd*  The  nature  and  properties  of  both 
anift  be  accurately  examined,  if  we  exped  to  at« 
tain  any  thing  like  exadneis  in  the  imitation  of 
them*  They  both  contain  a  prindple  io  vdatile 
that  they  lofe  their  chief  virtue  upon  barely  grow« 
ing  cold }  fi>  that  by  no  means  yet  known  can 
diey  be  tran^rted  into  foreign  countries,  fiiU  re- 
taining their  virtue.  This  drcumftance  has  pre- 
vented  me  from  examin'mg  thefe  hot  waters  my- 
Self:  but  (o  much  as  will  be  fuffident  for  our  pre- 
Scm  purpc^  is  to  be  £Dund  accurately  inveffigated, 
smd  clearly  related,  by  the  induftry  of  others. 


$11.    Hat  Aerated  Waters. 

That  die  Caroline  waters,  and  others  of  the 
fiune  ibrt,  abound  with  aeriid  add,  may  be  in« 
ferred  from  their  tafte,  and  the  quantity  of 
bobbles  which  is  occafioned  by  agitating  them: 
bat  other  and  more  obvious  criteria  (hew  this  evi- 
dendy  to  be  the  cafe.  This  water  tinges  tindure 
of  tumfiok  with  a  fugitive  redneis,  and  precipi- 
tates fime*water;  circumftances  which,  though 
fingly  ambiguous,  yet  jdndy  are  perfcAly  valid; 
«— they  are  ambiguous  fingly,  becauTe  it  is 
dioog^  that  other  adds,  befidcs  the  aerial,  may 

occafioii 


tU     OF  TR£  ARTIFICIAL  FREPARATtONT 

occafion  a  fugitive  rednefs  (a) ;  and  the  preeipka;; 
tion  of  lime-water  is  alfo  occafioned  by  an  aerated 
alkali,  which  is  fuppofed,  according  to  the  hws 
of  attradion,  to  yield  its  aerial  add  to  the  pure 
lime,  which  therefore  becomes  aerated,  and  (bj 
precipitates;  but  when  thcfe  two  circumftances 
are  taken  together^  they  produce  full  convi^on  ^ 
for  the  aerated  alkali  (r)  cannot  exifl  in  water  to- 
gether with  any  acid,  except  the  aerial ;  befides^ 
the  air  contained  in  thefe  waters,  when  coUeded, 
not  only  produces  the  above-mentioned  cflfeds^ 
but  alfo  fuSbcates  animals,  and  is  abibrbed  by 
water,  which  thence  becomes  aerated.     Indeed, 
the  whole  neighbourhood  of  thefe  waters  abounds 
fo  much  with  aerial  acid,  which  breaks  out  in 
many  places,  that  the  rain  and  fnow- water,  from 
lying  in  cavities  of  the  ground  for  a  fliort  timei 
often  acquire  a  grateful  pungent  acidity. 
'    Thefe   waters,    upon   cooling,   feparate  both 
lime  and  iron,  after  the  manner  of  PyrmcHit  wa- 
ter, but  much  more  quickly.    We  cannot  wmi- 
4er  at  the  fugitive  nature  of  the  virtues  o(  thefe 
waters,  when  we  confider  how  very  vdatile  the 
aerial  acid  is,  even  when  lodged  in  cold  water, 
and  how  much  its  volatility  is  increafedby  heat. 
The  exiftence  of  aerated  hot  waters  bdng  efta- 

(a)  On  Aerial  Acid,  §  vi. 
{h)  Ibid,  f  xz.  B* 
i       (f)  Analylis  of  Waters,  §  vm.  d. 

bUfbcdi 
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t)lHhed,  we  now  go  on  to  the  other  fpecids,  the 
daftic  fluid  of  which,  though  eafily  diffipated,  yet 
in  fixity  very  much  exceeds  the  aerial  add. 


§111.    Hot  liepatifated  fFaters. 

The  hot  hepad&ted  wateraf,  although  they  may 
be  aerated,  and  actually  often  lu-i  Jfo  (as  for  in« 
fiance  thofe  of  Ahi)  may  yet'  be  eafily  diftingui(h« 
:^  firomthc  hot  aerated  waters,  by  the  genend 
tenor  of  their  cWader^  and  their  diiagreeable 
finell:   t|tay  have  the  finell  of  hepar  fulphurii, 
aad  bladcen  filfer,  nay,  a  genuine  fulphur  is  de- 
|)ofit6d  adong  the  chamiels  through  which  they 
pa& ;  and  yet  the  moft  accurate  analyfis  ha&  not 
been  able  hitherto  to  difcover  in  the  water  the 
moft  minute  pardde,  either  of  hepar  or  of  fulphur 
^— but  chymiftry  is  able  to  unfdd  this  myftery  z 
for  die  (aline  hepar  fulf^uris,  upon  the  addition 
of  a  more  powerfal  add,  generates  a  fpedes  of 
air,  which  we  may  call  hepatic  air,  if  with  Dr 
Prieftly  we  give  the  name  of  ur  to  every  elaftic 
fluid  not  condenfible  by  cold*    Waters  impreg- 
nated with  this  Und  of  air  refembte  the  hot  hepa- 
tifated  waters :  the  hepatic  air,  it  is  true,  contains 
a  fulf^ur,  but  fo  expanded  and  fubtiUzed  as  to 
cScxpt  the  fight,  and  put  on  the  appearance  of 
common  air.    A  change  fuch  as  this  can  only  be 
cflfcacd  by  the  action  of  agents  at  once  the  moft 
fttbtUe  and  the  moft  cfficadous,  and  fuch  are 

phlogiftoR 
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phlogifton  and  the  matter  of  heat.    I  kiuiw  cbGt 
.many  philofophers  of  the  firft  rank  are  of  opmicm, 
that  the  phenomena  of  fire  and  heat  are  to  bie 
explained  upon  the  fuppofition  of  inteftine  motion 
in  bodies ;  buty  upon  confidering  the  whole  at- 
tentively,  I  am  firmly  perfuaded/  and  1  believe  the 
lame  is  the  cafe  with  others;  that  heat  arifes  from 
the  adion*of  a  diftind  and  peculiar  fubftanc^ 
which  is  diftributed  through  the  whole  corporeal 
world,  and  that  in  a  twofold  ftate:  for,  ^firft,  wie 
confider  this  matter  as  free,  when,  in  form  of  an 
elaftic  fluid  continually  tendmg  to  an  equilibrium, 
it  pervades  all  bodies  denfe  as  weU  as  rare,    lliii, 
in  proportion  to  its  quantity,  excites  different  dc« 
grees  of  heat  in  animals,  dilates  and  difpofes  all 
bodies  to  fluidity,  according  to  ceitain  drcuni* 
ftances— thus  platina,  in  order  to  be  fiifed,  re- 
quires it  very  highly  concentrated,  other  metals 
lefs  fo  ;  and  mercury  a  quantity  fo  fmall  that  it  is 
almoft  always  prcfcnt  in  the  atmofpbere ;  1  fay,  al- 
mod  always,  as  fome  late  obfervations  in  Siberia 
(hew  that  there  mercury  has  been  fometimcs  con- 
gealed  by  natural  cold  : — whether  there  can  exift 
any  fuch  (late  as  that  of  pcrfed  privation  of  heat, 
or  abfolute  cold,  is  yet  unknown.    In  fuch  a  ftatc 
(fuppofmg  any  fuch  to  exift)  if  I  miftake  not,  the 
aerial  acid  itfelf  muft  be  congealed,  as  fluidityap- 
pears  to  depend  totally  upon  heat* 

The  matter  of  heat,  like  all  other  material  fob- 
ftances,  is  fubjeOed  to  the  law  of  attraction,  and 

hence 
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jtiena  proceeds' it%  date  of  ^union  with  other  b^ 
dies,  a  ftate  which  inevitably  occalions  many  altc« 
.radons  in  its  nature  and  properties.    By  this  tie 
feme  of  its  properties  are  obfcured,  nay  entirely 
obliterated,  and  new  ones,  before  unknown,  are 
produced;   and  in  the  (ame  manner  as  an  aqd, 
-ivfaen  (aturated  with  an  alkali,  cannot  be  diftin- 
guiflied  either  by  precipitation,  by  its  tafte,  or  by 
any  other  of  its  original  properties,  lo  the  matter 
ofheatlofes,  together  wtdi  its  liberty,   its  chief 
property,  viz/  that  d  produdng  fenfible  heat  ;— 
dus  powetmuft,  however,  beconfidered  as  re* 
preflbd  only,  not  deftroyed ;    for  it  is  again  rcfto- 
fcd  in  full  vigour,  when  the  bond  of  union  which 
reprefled  it  is  broken.    Tins  may  very  dearly  be 
iDuftrated  by  the  example  of  water,  which  by  a 
moderate  privation  of  heat  is  converted  into  ice : 
now,  if  water  heated  to  a  determinate  degree 
be  poured  on  foow,  we  can,  from  the  known  heat 
of  the  two  ingredients,  eaiily  determine  what  that 
of  die  nuxture  ought  to  be ;   but  in  the  prefent 
inftance,  a  defidency  is  always  obferved ;  that  is, 
the  heat  of  the  mixture  proves  to  be  always  lefs  by 
about  y2^9  than  by  calculation  it  ought  to  be* 
The  reafon  feems  to  be  this : — the  heat  of  the  wa« 
tcr  peiKtrates  the  fnow  quickly,  expands  and  fe« 
parates  the  fmall  panidcs,  and  changes  it  from  a 
iblid  to  a  fluid  form :    thus  the  difunited  particles 
have  thdr  furfaces  much  encreafed.  ,  Now,  water 
attra&s  the  matter  of  beat,   and  that  the  mpre 

largely 
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largely  in  proportion  to  the  furface  of  contaftj 
and  fuch  parts  of  it  as  it  touches  very  clofely,  it 
powerfully  retains,  and  renders  latent,  fo  that  it 
can  no  longer  occafion  fenfible  heat ;  and  hence 
the  deficiency  of  72^.    This  laturating  portion  of 
heat  it.  does  not  lofe,  except  at  the  very  point  of 
congelation  ;  which  being  then  fet  free,  occafion 
a  fmall  rife  of  the  thermometer,   although  it  k 
quickly  and  irregularly  attraded  on  account  of  thc^ 
deficiency  of  the  furrounding  matter.     As  the  de- 
cree of  cold  in  the  adjoining  air  tncreafes,  and  as, 
on  account  of  its  elaftic  nature,  it  conftantly  tends 
to  an  equilibrium, .  it  at  length  is  fo  much  rarified^ 
that  the  faturating  portion  alone  remains  to  pre^ 
vent  the  conta&  of  the  watery  particles  ;  and  when 
that  alfo  is  taken  away,    all  the  mobility  of  die 
particles  totally  ceafes*    Undoubtedly  all  fubftaflh 
ces  which  are  fufible  in  fire  fix  a  certain  quantity 
of  heat  (the  degree  of  which  is  yet  undetermined) 
in  the  very  inftant  when  their  particles  acquhe  die 
due  degree  of  mobility.      On  the  other  hand^ 
while  the  temperature  of  the  water  is  increafing, 
the  increafed  quantity  of  heat  increafes  the  diftance 
of  the  minute  particle^,  and  generates  elaftic  va- 
pours :    at  length,  when  the  heat  arrives  to  thtf 
boiling  point,  the  watery  particles  are  fo  expanded 
and  changed,  that  their  furfaces,  being  wonder* 
fully  increafed,  are  enabled  to  receive  and  fix  a  &r 
greater  quantity  of  heat  than  before )— and  henct 


or  HOT  MEDtCATEd  WATERS.      289 

tUriies  tbe  cold,  or  diminution  of  heat,  occafioned 
by  evaporation. 

Bo<fie8  which  contain  the  matter  of  heat  fixed^ 
idien  put  into  menftrua  fitted  for  diflblving  them, 
generate  a  degree  of  heat,  greater  or  lefs,  accor- 
ding to  the  quantity  of  latent  heat  fet  at  Uberty  by 
Ac  more  powerful  attradion  of  the  menftruum. 
Lime,  newly  burned  and  put  into  water,  gene* 
rates  a  remarkable  degree  of  heat,  becaufe  a  great 
i»art  of  the  heat  whicli  had  been  fixed  by  the  cal« 
careous  earth  is  fet  at  liberty  by  means  of  tbe  wa- 
ter, which  is  more  powerfully  attraded  by  it. 
That  portion  of  the  matter  of  heat  which  ftill  re« 
mains  in  flaked  lime  may  be  difengaged  by  an  a-' 
dd;  and  hence,  trom  an  equal  quantity  of  lime 
a  greater  degree  ot  beat  is  generated  with  acids 
than  with  water,  as  the  former  fet  the  whole  of 
the  matter  of  heat  at  liberty,  the  latter  only  a  part. 
—I  have  fpoken  briefly,  and  in  a  curfory  way,  of 
diefe  matters,  in  order  to  illuflrate  feveral  things 
in  the  foregoing  pages,  and  that  what  follows  may 
be  the  better  underilood*  We  do  not  here  confi- 
der  the  compofition  of  the  matter  of  heat ;  it  ^ 
fuflicient  for  us  that  it  may  be  fixed,  and  again  fet 
It  liberty. 

Let  us  now  return  to  the  hepatic  air,  which  con- 
fifts  of  fulphur  united  to  the  matter  of  heat  by 
means  of  phlogiflon.  As  the  demonftration  of  this 
^nalyfis  occurs  hereafter,  I  pafs  it  over  in  this 
place.  The  hepatic  air  is  dccompofed  in  the  at- 
Vol.  I.  T  mofpherc 
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mofphcrc  by  means  of  pure  air,  which  attrafb 
phlogifton  fo  greedily,  that  it  is  able  to  feparate  it 
from  the  nitrous  acid  itfelf :  this  is  the  caufe  of 
the  fulphureous  crufts  which  are  to  be  fccn  at 
Aix  ;  for  the  conncding  medium  (the  phlogifton) 
being  feparated  above  the  furface  of  the  water,  the 
whole  compound  is  diffolved,  and  the  difengaged 
particles  of  fulphur  adhere  to  the  furrounding  bo* 
dies. 

Water  combines  with  this  hepatic  air,  and, 
when  impregnated  with  it,  poiTefles  the  genuine 
properties  of  hepatifated  waters,  as  readily  appears 
upon  comparifon.  But  in  order  to  difcover  how 
much  of  its  virtues  depend  upon  this  air  alone, 
and  how  much  upon  grofler  materials,  we  fbould 
examine  diftilled  water  faturated  with  hepatic  va- 
pour.— In  a  moderate  heat,  a  kanne  of  diftilled 
water  takes  up  about  fixty  cubic  inches  of  hepa- 
tic air,  which,  when  decompofed  by  nitrous  a- 
cid,  yield  eight  grains  of  fulphur  :  the  matter 
of  heat  which  remains  difengaged  among  the  par- 
ticles of  the  water,  is  more  and  more  diim* 
nifhed. 


§  IV.    Dijiillcd  IVater  faturated  with  hepatic 
Air. 

In  the  following  fedion  we  fliall  e3q>lain  how  va* 
ter  may  be  faturated  wit]^  hepatic  air»    For  the  pre- 

ient, 
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finite  we  fuppofe  the  water  to  be  cool,  and  fully 
laturated.  ^ 

(a)  It  has  a  mod  oflFenfive  hepatic  fmell,  when 
let  in  a  broad  open  veiTel ;  in  24  hours  it  blackens 
61vcr ;  an  effed  which,  as  the  vapour  is  difBpated 
in  this  cafe  but  (lowly,  it  does  not  produce  in  lefs 
than  thelpace  of  fome  weeks,  when  fet  to  fland 
in  an  open  bottle*  This  effed  may  be  inflantly  re- 
prefled  by  nitrous  acid. 

The  tafte  is  ftrong,  fomewhat  fwectifli,  not  un* 
like  that  of  putrid  eggs,  but  more  dilagreeable. 

It  preferves  its  clearnefs  entirely,  if  the  water  be 
newly  diftilled,  fo  as  not  to  have  time  to  abforb 
aerial  acid  from  the  atmofphere* 

(b)  Tmdure  and  paper  of  tumfole  grow  but 
fittle  red,  unlefs  the  water  be  impregnated  with 
ivaflied  hepatic  air. 

Paper  of  fernambucum  fuflfers  no  change. 
.   (c)  No  change  is  occafioned  by  acids,  unlefs 
liich  as  poflels  the  Angular  property  of  aitrading 
phk>gifton,  even  in  water  ;  one  of  thefe  is  the  ni- 
trous acid  highly  concentrated.— When  this  is 
dropped  in,  the  fmell  is  inftantly  fuppreffed,  the 
water  grows  turbid,  and  a  white  fubtile  powder 
very  flowly  fubfides  :    this  powder,  collected  and 
dried,  is  found  to  be  pure  genuine  fulphur.     The 
phlogiflon  being  taken  away  by  the  acid,  the  bond 
of  union  between  the  fulphur  and  the  matter  of 
heat  is  broken  ;    the  hepatic  air  is  therefore  de*- 
coropofed,  and  the  fulphur  appears  in  its  ordinary 
T  2  form* 
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form.  That  the  nitrous  acid  attrafts  phlogiftoi^ 
e^en  in  a  liquid,  is  obvious  from  the  artifice  made 
ufe  of  by  fomc  to  make  vitriolic  acid,  vtrhen  blacky 
clear  again, — they  add  a  fmall  quantity  of  nitre^ 
which  is  fpeedily  decompofed,  and  the  colouring 
phlogiftbn  deftroyed  by  the  difcngaged  nitrons 
acidi  .*  :^ 

Upon  pouring  into  the  impregnated  water  a 
few  drops  of  nitrous  acid,  the  factor  is  inftant^ 
flopped,  but  in  a  few  minutes  it  again  returns} 
and  this  happens  repeatedly ;  fo  that  a  quadrant 
of  water  requires  200  drops  to  deflroy  completdy 
all  its  hepatic  air.  When  the  watef  contains  alfo 
a  fixed  alkali,  the  slcid  has  bdt  little  effed,  foloog 
as  that  is  difengaged ;  but  after  it  is  faturated,  the 
hepatic  air  begins  to  be  decompofbd ;  the  reafon  is 
clear  : — the  alkali  feizes  the  actd  as  foon  as  it  b 
dropped  in^  and  reprefles  its  adivity ;  hence  ve 
eafily  fee  how  fulphur  may  be  precipitated  from 
the  Aix  waters,  which  ilo  one,  fo  far  as  I  kaoWj 
has  hitherto  eflfcftcd. 

Acid  of  vitriol,  and  the  other  cotnmon  adds, 
have  no  cflfea. 

Dephlogifticafed  matine  acid  precipitates  the 
fulphur. 

(d)  Alkalis  caufe  tio  change* 

(e)  Nitrated  filver  ocdafions  a  congrumadoDj 
which  foon  changes  fo  a  brown  colour.— In  this 
cafe  the  acid  and  the  metallic  bafe  feem  to  be  load* 
ed  with  phlogiftoD,  by  which  they  are  both  ten* 

dercd 
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dered  infoluble  :  there  is  no  doubt  but  a  fulphur 
idfi>  adheres  to  the  metal*— Silver,  in  its  metallic 
flate,  grows  black  in  this  water. 

(f)  Cntrated  mercury,  made  without  heat,  oe* 
cafions  a  brown  precipitate ;  that  made  with  heat, 
m  white  one*  The  difference  (eems  to  arife  hence, 
that  in  the  latter  cafe  the  bafe  is  fo  fiar  dephlogifti- 
fated,  that  the  phlogiftpn  remaining  is  infufficient 
for  communicating  colour  to  the  precipitate.^* 
Ifercury,  in  its  metallic  ftate,  cxpofed  to  hepatic 
»r,  grows  Uack,  like  filver. 

(o)  Corroiiye  fqblimate  is  alfo  precipitated  white, 
for  the  above-mentioned  reafon. 

(h)  Acetated  lead  is  precipitated  black. — ^Vi- 
negar does  not  promote  the  decompoiition  of  he- 
patic air :  hence,  therefore,  appears  the  adion  of 
the  metallic  bafe  alone ;— -yet  poliihed  lead,  expo- 
fed  to  hepatic  air,  does  not  grow  bhck,  but  only 
brown.  The  fame  is  true  of  iron  :  cqpper  grows 
Uack ;  but  tin,  bifoiuth,  antimony,  and  zinc,  arc 
not  changed. 

(i)  Solution  of  vitriol  of  zinc  occafions  a  little 
turbidnefs,  and  yields  a  white  fediment ;  that  of 
copper  occafions  a  yelbwifli  brown  hue,  and  flow- 
ly  depoiits  a  fediment  of  the  fame  colour ;  that  of 
iron  grows  black  : — the  hepatic  fmell  is  foon  diiG- 
pated,  if  the  proportion  of  the  liquors  be  properly 
adjofted. 

(k)  A  grain  of  white  arfcnic  put  into  the  watec 

grows  yellow  by  degrees,  and  at  length  acquires 

T  3  the 


294    OF  THE  ARTIFICIAL  PREPARATION 

the  properties  of  orpiment.     The  fame  thing  hap* 
pens  to  a  folution  of  arfenic  in  water. 

(i.)  Hepatifated  water,  in  which  filings  of  iroa 
have  been  kept  for  fome  days  in  a  weU-cIofe4  vef- 
fel,  grows  purple  with  tindture  of  galls ;— if  tha 
iron  be  diffolved  by  an  acid,  the  colour,  approaches 
more  to  violet.     This  is  the  reafon  why,  with  the 
fame  quantity  of  tinfturc  of  galls,   dificrcnt  ap- 
pearances take  place  :    befides,  we  muft  obfervCt 
that  water  impregnated  with  Iron  by  means  of  he- 
patic air,  is  not  at  all  rendered  turbid  by  |^ogf« 
{licated  alkali ;    and  if  a  fmall  quantity  of  vitriol 
of  iron  be  afterwards  added,  this  produces  a  fedi« 
nient  at  firft  afh-coloured,   th?  upper  furface  of 
which  grows  by  degrees  (but  very  flowly)  of  a 
pale  blue,  and  after  fome  days  grows  quite  black« 
If  hepatifated  manial  water  grows  immediately  blae 
on  the  addition  oP  phlogifticated  alkali,  this  is  a 
fure  fign  of  the  prcfencc  of  an  acid  menftruum. 
-rhefe  circumftances  (hould  be  carefully  ohferved 
in  the  examination  of  waters. 

§  y.     Method  of  prtparitjg  hot    medicated 
fVaters. 

In  the  preparation  of  hot  medicated  waters, 
fpveral  circumftances  are  to  be  attended  to :— f 
Firft,  the  waters  muft  be  impregnated  with  ela- 
ftic  fluid  ;  then  the  groflcr  materials,  which  dif- 
linguiih  the  different  fpecies,  arc  to  be  diflblved} 

andj 


OF  HOT  MEDICATED  WATERS.        29; 

and,  finally,  the  water  to  be  heated  without  any 
lofs  of  its  virtue.— We  (hall  fpeak  of  all  thefe  in 
order. 

(a)  The  elaftic  fluid  to  be  employed  is  either 
aerial  acid  or  hepatic  air,  according  as  the  water 
is  required  aerated  or  hepatifated.  ^  The  former  is 
obtsuBed  by  a  procefs  already  fuf&ciehtly  defcri- 
bed ;  the  latter  is  had  in  the  fame  way,  with  the 
diflference  of  a  few  circumftances  now  to  be  men- 
tioned. 

In  the  place  of  chalk,  we  are  to  employ  an  he- 
par  fulphuris,.  made  Qf  cquaL weights  of  fi^lphur 
and  pot-afhes  together,  and  melted  in  a  crucible : 
the  bepar  is  to  be  reduced  to  a  powder  before  it 
is  put  into  the  vefTel,  as  otherwife  the  iatujating 
add  will  generate  upon  the  furface  a  vitriolated  ve- 
getable alkali,  which  is  not  foluble  in  a  fmall  quaui- 
Uty  of  water ;  and  this  cruft,  furrouoding  the  in- 
ternal parts,  will  prevent  the  acid  from  reaching 
them. — A  mafs  made  of  three  parts  of  iron  filings 
melted,  with  two  of  fulphur,  anfwers  the  lame 
end,  even  better  than  the  former. 

An  inverted  bottle,  half-filled  with  water,  is  to 
be  fet  to  collect  the  extricated  elafiic  fluid  :  the 
water  cannot  take  up  fo  much  of  hepatic  air  as  it 
dpes  of  aerial  acid ; — ^if  the  water  is  to  be  aerated 
at  the  fame  t.ime,  4  ^^  t  ^^  chalk  may  be  added 
to  the  hepar.  When,  upon  agitating  the  bottle, 
the  hepatic  air  is  no  longer  diminiflied,  the  ws^ter  is 
i^rated. 

T*4  The 
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Tht  vapour  being  extremely  offenfivc,  aqd  ua- 
friendly  to  refptration,  the  operator  (hould  be  b 
lituated)  that  a  dream  of  air  may  carry  off  the  no* 
xious  vapour  from  him. 

(b)  If  particular  waters  arc  tq  be  imitated,  for 
infliance,  the  Caroline  or  the  Aix  waters  above 
mentioned,  the  quantity  and  quality  of  their  fev& 
jal  contents  mufl:  be  determined.  The  Carolioe 
waters  contain,  in  a  kanne, 

grainy* 

of  aerated  lime            r  *          ^4 

pfvitriolated  mineral  alkafi  -      ^^40 

cffea-falt        -            -  -        3* 

of  dried  mineral  alkali  -          68 

together  with  an  admixture  of  iron.  A  kannc  of 
Aix  water>  taken  from  the  f^mperor^s  bath,  coar 
tains. 


graini* 

of  aerated  lime,                • 

f            a/ 

of  fea  fait,            - 

29 

of  miners^l  alkali^ 

r         70 

It  is  only  the  aerated  lime  thsit  indicates  the  pri* 
fence  of  aerial  acid  in  the  Aix  waters. 

Thcfe  heterogeneous  matters,  except  the  aerated 
Kmc  (which  ought  by  all  means  to  be  left  out)  arc 
pf  very  eafy  folution  j  they  need  not  therefore  be 

added 


'    Of  HOT  MEDICATBD  WATERS,       2»y 

pdded  to  the  water,  until  it  is  td  be  drink:  th« 
proper  qnantides  of  thefe  may  be  put  into  the  vff- 
Id  out  of  which  the  water  is  to  be  drank,  and  are 
(bon  taken  up  by  the  warm  fliud. 

If  any  one,  however,  infifts  upon  die  aerated 
Bine,  the  water  muft  firft  be  faturated  with  aerial 
p»d,  and  the  lime  diflblved  by  its  means,  in  the 
pold,  as  before  defcribed ;  the  water  is  then  to  be 
impregnated  with  hepatic  atr;  and  in  this  cafe 
Some  filrngs  of  iron  (hould  be  added :  but  if  the 
lime  be  omitted,  the  filings  put  in  during  the 
warming  of  the  water  will  give  it  a  fufficient  im4 
pregnation. 

(c)  In  order  to  make  the  aerated  or  hepatifated 
water  warm,  without  lo(s  of  virtue,  we  muft  em- 
ploy a  veflel  clofely  (hut,  fuch  as  Papin's  digefter; 
— ^c  copper  ones  defcribed  by  Mr  Wilckc  arc 
bed  fitted  for  this  purpofe :  one  of  thofe  fhould  be 
taken,  which  can  jifft  hold  the  requifite  quantity  of 
warer :  the  aerated  or  hepatifated  water  being  put 
into  this,  and  well  clofed  up,  is  to  be  fufpended 
in  a  common  pot  in  a  water  bath ;  and  the  water 
in  the  greater  veflel,  being  gradually  heated, 
communicates  the  requifite  degrbe  of  heat  to  the 
^gefler. 

Although  cold  aerated  water  is  highly  medicinal , 
as  experience  evinces ;  and  although  the  fame  is  un- 
queftionably  true  of  cold  hepatifated  water  ($  vi.); 
yet  it  is  very  probable  that  heat,  by  increafing 
^leir  volatility,   renders  them  more  fubtile  and 

penetrating. 
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^nctrating,  and  of  confcqucncc  more  efficaciouf 
in  certain  cafc«.    We  arc  not  yet  certain  what  de- 
gree of  heat  is  moft  eflfeftual :  the  Caroline  wa- 
ters raife  the  Swedifli  tliermomcter  to  73<>,  the 
Aix  waters  to  62    ;  an  heat   which  appears  too 
great  for  internal  ufe,  as  the  hand  can  fcarcdj 
bear  water  heated  to  50'^ :  but  this  queftion  is  not 
to  our  prefent  purpofe.  it  is  fufficient  that  the  wa« 
ter  can  receive  the  neccffary  degree  of  heat,  with- 
out lofs  of  virtue. 

The  faline  matters  (hould  not  be  put  into  the 
digefter,  as  many  of  them  ad  upon  the  metal,  but 
the  iron  may  fafely  be  ufed ;  and  thus  it  commu- 
nicates a  chalybeate  impregnation. 

That  a  glafs  may  be  occafionally  filled  without 
the  lofs  of  any  of  the  volatile  parts,  a  fmall  flopper 
mufl:  be  fitted  to  the  upper  part  of  the  digeftcr, 
by  opening  which  the  warm  water  may  be  poured 
out,  and  yet  the  mafs  remain  clofely  (hut  up. 

For  the  purpofcs  of  bathing,  larger  quantities 
are  neceflary  ^  in  this  intention  the  Caroline  wa- 
ters (for  what  rcafon  I  i&now  not)  are  out  of  ufe. 
The  waters  of  Aix  are  often  employed ;  and  a 
large  quantity  of  water  may  be  eafily  impregnated 
with  hepatic  air,  by  means  of  a  flexible  tube  con^ 
veying  the  air  to  the  bottom  ;  and  this  operation 
may  without  inconvenience  be  continued,  even 
while  the  patient  fits  in  the  bath ;  but  the  pro- 
cefs  (hould  be  fo  conduded  as  to  affcdt  refpiratioa 
as  little  as  may  be.  ^ 
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§  vi«    Appendix^  concertdng  cold  hepatifaUd 
fVattrs. 

Cold  martial  waters^  when  frefh,  almoft  always 
liave  an  hepatic  fmeU^  efpecially  when  a  little  flia- 
ken  in  a  clofed  bottle,  yet  in  general  the  impreg-> 
nation  is  fo  flight  that  it  goes  off  in  a  few  mo* 
ments ;  but  I  have  lately  learned  that  the  hepatic 
impregnation,  in  fome  inftances,  is  more  com- 
plete. Mr  Alftroemcrer  fent  me  1 2  kannes  of 
Medway  water,  requefting  me  to  examine  their 
contents.  Thefe  acidulous  waters  are  fituated  at 
Medway,  in  Oftro  Gothland,  and  have  been  ce-^ 
febrated  for  wonderful  cures,  from  the  moft  re« 
mote  periods  of  time :  the  celebrated  U.  Hiemc 
difcovered  them  in  the  year  1677,  from  which 
time  they  have  been  much  frequented  every  year, 
smd  with  confiderable  advantage ;  yet  their  true 
nature  and  properties  are  but  little  known.— -The 
following  experiments  will  tend  to  throw  light  up- 
on this  fubjeS. 

This  water,  when  brought  to  Upfal,  is  found 
to  have  loft  its  volatile  principles,  but  Dr  P.  Dubb' 
examined  it  at  the  very  fountain,  by  the  means 
above  defcribed  : — he  obtained  from  every  kanne 
13  cubic  inches  of  an  elaftic  fluid,  which  diflmdly 
reddened  tin^ure  of  turnfole,  and  therefore  un- 
doubtedly was  aerial  acid.  7  hat  it  alfo  contains 
Ibme  hepatic  air,  will  clearly  appear  from  what 

follows  i 
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follows;  but  thefe  13  cubic  inches,  having  been 
colleded  by  means  of  water,  do  not  indicate  the 
true  quantity ;  and  I  doubt  not  but  that,  if  they 
had  been  coUeded  by  mercury,  they  would  amount 
to  30  at  leaft. 

In  the  Mcdway  water  there  cannot  be  any  pure 
atr,  as  that  is  inconfiftent  with  a  martial  folution  { 
but  the  hepatic  air  remained  in  the  refiduum  of 
X04  kannes,  reduced  by  evaporation,  at  the  very 
fount,  to  nearly  2  c^uadrants :  this  appestrs  mani- 
feftly,  for  the  bottle  in  which  the  liquid  refiduuo) 
was  put,  when  opened,  ftruck  the  nofe  with  an 
offcnfive  hepatic  odour ;  and  a  portion  of  this  li* 
quor,  upon  the  addition  of  a  few  drops  of  c(H1- 
centrated  nitrous  acid,  grew  white  and  turbid, 
and  in  24  hours  depofited  a  very  fubtile  f^lpbuT 
reous  powder : — in  this  csife  then,  we  have  a  cold 
hepatifated  water,  which  retains  that  fetid  princi* 
pie  fo  tenacioufly,  that  notwithftanding  continued 
boiling,  and  the  agitation  of  a  long  journey,  it 
yet  retained  a  confiderable  portion  of  the  volatile 
aura. 

In  order  to  difcover  the  fixed  principles,  I  firft 
employed  prccipitants ;  but  I  muft  obferve,  that 
the  water  fcnt  to  me  was  fomewhat  yellow,  very 
faintly  indeed,  yet  fenfibly  fo,  efpecially  when 
compared  with  common  water :  in  the  -liquid  re- 
fiduum, that  colour  was  more  confpicuous,  an4 
the  refiduum  itfelf  nearly  turbid. 


6r  not  MEDICATED  WATEEiS.      361 

In  tafte  and  (mell  it  refembled  pure  water,  but 
ttie  liquid  refiduum  gave  Hight  tokens  of  iron  and 
0f  an  hepar. 

Papers  tinged  with  turhfole  or  Brazil  wood  dif- 
tovered  nothing ;  hence  it  would  appear  that  therA 
is  no  prevalence  either  of  acid  or  alkali* 

Phiogifticated  alksili  caufed  no  change  either 
in  the  water  or  in  the  liquid  refiduum;  and  this 
Was  the  cafe  at  the  very  fountain  (§  iv.  l); 

Tin&ure  of  galls  alfo  bad  no  effed  on  the  wa4 
ler,  but  with  the  refiduum  formed  a  dilute  purple 
'  colour>  which  yet  was  fomewhat  changed  by  the 
yellowifh  brown  of  the  water  itfelf. 

Acid  of  fugar  did  not  occafion  a  turbidnefs  in 
the  water,  until  after  the  fpace  of  24  hours ;  but 
With  the  refiduum  immediattly  formed  a  iaccha'^ 
hited  lime. 

Aeraticd  fixed  alkali  ddes  hot  make  the  wate^ 
turbid,  but  it  inftautly  aAs  upon  the  refiduum  3 
the  precipitate  was  white^  and  of  a  calcareous  na« 
ture. 

Salited  terra  pohderofa  did  not  predpitate  any 
tlung,  even  in  the  refiduum ;  there  is  of  courfd 
no  vitriolic  acid  prefent. 

A  fmall  piece  of  alum  was  decompofed  zhct 
fome  hours,  which  is  no  doubt  occafioned  by  a 
falited  lime,  mixed  with  the  alum.^-^Hepatic  air 
does  not  a£l  at  all  upon  folution  of  pure  alum. 

A  folution  of  nitrated  filver  renders  the  watef 
£>mcwhat  turbid;  but  in  the  refiduum  it  occafions 
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H  complete  milkinefs,  tinged  lightly  brown  by  the 
hepatic  air ;— there  is  prefent,  therefore^  a  marine 
acid. 

Nitrated  mercury,  prepared  without  heat,  as 
alfo  acctated  lead,  exhibit  the  very  fame  appear- 
ances as  nitrated  filver. 
'    Corroiive  fublimate  has  no  effed. 

Thefe  experiments  deted  nothing  but  a  fmall 
portion  of  falited  lime,  except  the  admixture  of 
iron,  which  the  tin&ure  of  galls  (hews. 

I  evaporated  half  a  quadrant  of  the  liquid  re& 
duum  to  drynels,  but  found  only  5  grains  of  a 
brown  powder,  which  grew  a  little  moift  in  the 
air,  yet  only  a  grain  or  two  of  it  was  foluble  in 
water ;  fo  that  the  greateft  part  of  this  was  a  cal- 
cined iron.   Water  poured  upon  the  dry  refiduum 
grows  brown,  an  appearance  occafioned  by  a  mu- 
eilaginous  extrad ;  for,  evaporating  again  to  dry- 
nefs,   it  exhibits  a  brown  matter,  which  grows 
white  by  burning.      Since,   then,    lo^  kannes 
yielded  two  quadrants  of  this  liquid  refiduum,  it 
appears,  that  we  fliould  allow  atlbut  two  grains  to 
each  kanne ;  for  the  falited  lime  amounts  fcarcely 
to  half  a  grain :  I  have  alfo  obferved  a  few  par- 
ticles of  fca-falt. 

The  dry  refiduum  which,   according  to  Dr 
Dubb's    experiments,    is    obtained    from   each — 
kanne  by  boiling  for  an  hour,  weighs  2,75  grains^B 
which  feems  to  be  purely  martial ;  and  it  is  to  b^= 

obferved — 
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rved,  that  part  of  it  U  magnetical ;— -this  pro- 
J  is,  beyond  doubt,  communicated  by  the  he- 
c  air. 

VTe  conclude,  therefore,  that  a  kanne  of  frefh 
Iway  water  contains. 

grains* 
(  iron,  partly  diflblved  in  hepadc  air, 
and  partly  in  aerial  acid,  -         4^ 

ffalitedlime,  -  *  -        4 


Ai 


cubic  inches. 
f  aerial  acid,  nearly  -  30 

ifhepaticair,  at  lead  *  40 

Chefea-falt  and  mucilaginous  extrad,  are  of 
Ltde  weight,  that  they  may  in  this  computation 
ncgleded. 

riut  water  mud  neccflarily  be  very  efficacious : 
ift,  it  contains  united  two  principles,  one  of 
ch  gives  virtue  to  the  hot,  the  other  to  the 
1  medicated  waters:  2d,  it  contains  nothing 
iou8.— We  know  that  many  waters,  even  the 
Qkuch  celebrated  Pyrmont,  are  loaded  with 
ted  lime  and  gypfum,  fubftances  which  are 
•o  means  friendly  to  the  human  fyftem ;  and 
experience  of  a  whole  century  abundantly 

confirms 
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confirms  this  opinion  of  the  virtue  of  the  Medway 
vraters,  urhich  we  have  deduced  from  analyfis. 

How  this  water  may  be  imitated,  is  eafily  fcol 
from  what  has  been  already  laid* 


Dtd. 
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OF     THE 


ACID    OF    SUGAR, 


S  I.     Method  of  obtaining  tlie  ^cid  of  Sugar 
in  a  feparate  State. 

SUGAR  being  juftly  confidered  as  an  efTentia) 
fait,  it  will  readily  be  granted,  that  it  con- 
tains an  acid;— this  acid  may  be  feparated,  and 
exhibited  in  a  cryftalline  form,  by  the  following 
proccfs : — 

(a)  Let  one  ounce  of  the  pureft  fugar,  in  pow- 
der, be  mixed,  in  a  tubulated  retort,  with  three 
ounces  of  ftrong  nitrous  acid,  whofc  fpecific  gravi- 
ty is  nearly  i,  567. 

(b)  When  the  folution  is  completed,  and  the 
tioft  phlog^fticated  part  of  the  nitrous  acid  has 
town  off,  let  a  receiver  be  luted  on,  and  the  fo- 

Vol.  I.  U  lutioi; 


306  OP  THE  ACID  OF  SUGAR, 

lution  gently  boiled ;— -in  this  procefs  an  immcoic 
quantity  of  nitrous  air  is  dtfcharged  (a). 

(c)  When  the  liquor  i^qi\ires  a  dark  brpwa 
colour,  let  three  ounces  more  of  nitrous  add  be 
poured  on,  and  the  boiling  continued  until  die 
coloured  and  fmoking  acid  has  entirely  dilai^pear- 
cd. 

(d)  Let  the  liquor  in  the  receiver  be  tka 
poured  into  a  larger  veflel ;  and,  uj>on  coofiD^;, 
fmall  quadrilateral  priftnatic  cryftals  are  fouind  ad- 
hering together  at  an  angle  generally  of  about 
45  :  thefe,  coUedcd  and  dried  on  bibulous  ft 
per,  weigh  1 09  grains. 

(r)  The  remaining  lixivium,  boiled  again  in 
the  fame  rptorts  with  two  ounces  of  nitrous  wai 
until  the  red  vapours  begin  to  difapprar,  npoi 
cooling,  as  before,  affords  43  grains  of  {aBnesd* 
culae« 

(f)  If  to  the  vifcid  glqtinpus  liquor  whidlr^ 
mains,  there  be  added,  at  different  times,  fodl 
quantities  of  nitrous  acid,  amounting  in  all  totvs 
ounces ;  by  boiling,  and  evaporating  to  dryiie% 
a  faline  mafs  is  at  length  formed,  brown,  ghtt* 
nous,    and  deliquefcent,   wbich^  when  pdM* 

(a)  In  order  to  procure  this  actd,  conitiioii  iqaafcrtil 
will  ferve  juft  as  well  as  the  ftrongeft  nitrous  add;  asi 
any  glafs,  thin  enough  to  bear  a  moderate  iMat,  wiO  ^ 
juft  as  well  as  a  retort*  Nothing  can  be  more  cafj  tbf 
the  proceis  for  obtaining  the  acid  of  fugar.    B» 
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ly  dried,  weighs  t^alf  a  drachm ;  but  ia  depura- 
tion nearly  half  qf  this  weight  i$  lod. 
.  (cr)  The  cryftals  obtained  in  the  manner  above 
defcribed,  are  to  be  depurated  by  repeated  (blu* 
lion  and  cryftallization,  an  operation  which  is 
particularly  n^ceflary  to  the  portion  got,  as  de» 
fcribed  in  F.  Tl^e  lafl  lixivium  F,  digelled  with 
nitrous  aci4»  ^nd  evaporated  to  drynefs  by  the 
iun's  he%t,  exhibits  prifms  (imilar  to  thofe  men- 
tioned in  D  and  e  ;  fo  that  this  affords  a  method 
of  abridging  the  number  of  depurations. 

(h)  To  obtain,  therefore,  one  part  of  this  falt^ 
there  arc  required  3  of  fugar,  and  30  of  nitrous 
acid ;  fp  that  i(  may  he  rec}(.oned  among  the  moft 
expenfive  ialts  hitherto  known.  It  muft  be  parti- 
cularly  obferved,  that  a  much  fmaller  quantity  of 
cryftals  will  be  obtained,  if  the  boiling  be  conti- 
nued ever  fo  little  beyond  the  proper  time. 

(i)  The  acid  thus  obtained  I  call  acid  offu* 
gar  i  not  becaufe  it  is  procurable  from  that  fub- 
ilance  only,  but  becaufe  fqgar  aSbrds  it  more 
pure,  and  in  greater  quantity,  than  any  otheic 
•matter  hitherto  tried.  Thus  100  parts  of  gum 
aurabic,  treated  as  above,  with  900  of  nitrous 
acid,  at  the  beginning  of  the  boiling  foam  violent- 
ly, and  upon  cooling,  yield  fcarce  more  than  2  r 
^f  (accharine  acid,  prifmatically  cryftailizcd ;  but 
at  the  fame  time  the  folution,  even  to  the  lafl,  (c- 
parates  a  laccharated  lime  (§  vi),  which,  when 
follcftcd,  weighs   11,  and  contains  about  5  of 

U  2  tlic 
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the  acid  of  fugar :  8  parts  of  highly  rcdified  fpirif 
of  wine,  with  24  of  nitrous  acid,  yield  3  rf 
feccharine  acid,  but  for  the  moft  part  in  a  fqua- 
mous  form,  and  loaded  with  much  moifture ;  be* 
fides,  honey,  and  whatever  fubftancc  contains  fu- 
gar, in  the  fame  way  produces  the  fame  acid ; 
and  akhough  acid  of  tartar,  diflblved  and  boiled 
in  nitrous  acid,  in  the  fame  manner,  yields  a  fait 
fomewhat  (imilar  to  this,  both  in  tafte  and  fqua- 
mous  crydallization,  yet  it  is  ot  a  whiter  colour; 
and,  befides,  is  unchangeable  in  the  fire^  yielding 
only  a  coal  as  before. 

In  another  Diflertation  it  will  be  (hewn,  that 
the  acid  of  fugar  occurs  alfo  in  the  animal  king- 
dom; and  that  it,  together  with  a  gluten,  com 
ilitutes  the  calculi  of  the  kidnies  and  bladder  (b). 

f  II.     Properties  which  the  Acid  of  Sugar  pof* 
Jeffes  in  common  with  othet  Acids. 

This  fait  poflefles  many  properties.  Tome  p^ 
culiar  to  itfelf,  fome  common  to  it  with  the  other 

{&)  This  has  not  yet  been  made  to  appear ;  and  it  ii 
certain  that  this  acid,  if  it  be  prcfent  at  al),  is  not  tke 
only  one  contained  in  calculi,  for  phofphorus  has  been  ob» 
taincd  from  them  by  dift illation  with  infiamniable  iuh 
fiances.  The  acid  gf  fugar  is  prefent  in  9  v^ft  variety  of 
different  animal  and  vegetable  fubftances  ;  it  exifts  in  grot 
quantities  in  gall-nuts  and  wool ;  at  leaft  it  it  obtained 
froHi  them,  when  treated  with  nitrous  acid.  Mr  Morfeaii 
ccnjcdtuies  plaufibljr*  that  it  has  for  its  bafis  a  fiibtile  oil. 

adds, 
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acids,  though  diflfering  more  or  le(s  m  degree : 
and  thefe  we  are  now  to  coniider. 

(a)  The  cryftals  have  an  exceeding  pungent 
tafte; — but  a  folution  of  thefe,  when  fufficiently 
diluted,  excites  a  very  agreeable  fenlation  on  the 
tongue.  I  wenty  grains  communicate  a  fenfible 
acidity  to  a  kanne  of  water. 

(b)  It  makes  red  all  the  blue  vegetable  juices, 
except  that  of  indigo  A  fingle  grsun,  diflblvcd 
in  four  ounces  of  water,  inftantly  makes  red  the 
blue  paper  ufed  for  covering  fugar-loaves^  which 
is  not  affeded  by  the  weaker  acids ;  and  1 2  grains^ 
jdiflblved  in  a  kanne  of  water,  produce  the  fame 
cffed  upon  paper  tinged  with  ttimfole. 

(c)  It  attacks  alkalis,  earths,  and  fundry  me« 
tals,  and  diffolves  them  with  effervefcence,  if  they 
be  united  with  aerial  acid.  1  hcfe  combinations, 
which  fcrve  to  didinguifh  this  evidcndy  from  all 
other  acids,  will  be  defcribed  in  §  iii.*— xxiv. 

(d)  Diftilled  water,  when  boiling,  diffolves  itft 
own  weight  of  the  cryftals.  In  an  heat  of  15®, 
it  diffolves  only  half  that  quantity ;  and^  although 
the  folution  appears  at  firft  a  little  turbid,  it  foon 
recovers  a  perfcft  tranfparency :  the  fpecifi?  gra- 
vity of  this  laft  folution,  when  (aturated,  is 
1,0593.  The  vapours  which  break  forth  during 
the  boiling  of  the  former  folution  do  not  contain 
any  acid ;  and  the  liquor,  as  it  grows  gradually 
cold,  depofits  a  great  quantity  of  cryftals,  many 
of  which  exhibit  prifms  diverging  from  a  point. 

U  3  F.ach 
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Each  of  theft:  has  four  (ides  obliquely  (ituated;  is 
in  the  fpar  ;  the  alternate  fides  narrower,  df 
which  two  quadrilatend  planes;  gcne^all7  unequal, 
tnict  trigethfet"  like  a  rdof,  cbnftituting  an  apex  zi 
bne  6r  both  extremities.  Sometimes  the  prifin^ 
occur  fo  (hort  as  entirely  to  refemble  the  fpathacc« 
ous  cubes,  with  acute  angles,  truncated  iti  a  p(h 
rallel  direction ;  fo  that  hence  we  may  eafily  judge 
6f  their  primitive  form. 

Sombt)me3  the  prifm  is  redaiigular,  and  the 
planes  of  the  apex  equal :  the  figure  of  the  apet 
too  is  varied  by  planes  riftng  firdm  the  angles  of 
the  prifms;  If,  during  the  depofitiort;  the  veflel 
be  (lirred,  or  if  the  quantity  of  difiblved  matter  be 
infufEcient,  the  prifms  become  irregular^  and 
truncated,  with  five  or  fix  fidei. 

(e)  Thcfe  cryftals  do  nbt  refdfe  td  unite  wA 
cfthcr  acids.  Concentfated  vitriolic  aeid,  febdi^ 
the  oily  matter,  grows  brown  ;  and,  in  the  end; 
totally  confumes  the  cryftals,  efpecially  6n  boil* 
ihg ;  but  when  diluted,  although  it  diffolves  the 
tryftals  readily,  yet  it  yields  them  up  again,  but 
in  the  fotm  of  aciculde ;  a  change  which  this  acid 
IS  wont  to  induce  alfo  upon  other  falts.  The  ni- 
trous acid  greedily  takes  up  the  acid  of  fugif, 
and,  upon  boiling,  grows  yellow ;  up6n  cooling, 
h  again  fcparatcs  cryftak,  but  they  are  generally 
irregular.  If  the  folmion  be  often  repeated,  with 
the  afltflancc  of  heat,  the  faccharine  acid  is  to^ 
tally  deftroyed  ^  and  at  length  no  crvftals  appctr. 

The 
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The  marine  add  and  vinegar  dillblve  thefe  cryf- 
tals  very  completely,  but  they  yield  them  again 
totally  unchanged  both  as  to  their  fhape  and  na- 
ture. 

(f)  100  parts  of  fpirit  of  wine,  on  boiling,  take 
tip  nearly  56  of  this  acid ;  but  in  a  moderate  heat 
toot  above  40.    This  folution  grows  a  little  turbid, 
and  dcpofits  a  mucous  fediment,  fcarcely  equal  to 
^  of  the  acid ;  on  cooling,  fquamous  qryftals  are 
formed ;  thefe  are  irregular,  have  a  fragrant  fmeil^ 
and,  on  drying,  gtow  white.    In  order  to  deter- 
imne  die  effed  of  this  acid  in  forming  an  ether, 
two  drachms  of  the  cryftals,  diflblved  in  as  much 
^rit  of  wine,  (of  the  fpecifie  gravity  o,  8581) 
were  boiled  over  a  flow  fire  in  a  ftnali  retort ;  as 
tooa  as  oily  ftris  began  to  arife  another  receiver 
was  hitcd  on,  and  half  a  drachm,  which  was  con« 
tained  in  the  former  receiver^  was  found  to  be 
nothing  but  the  fpirit  deprived  of  its  fuperfluous 
phk;gm;  that  which  came  over  along  with  the 
ilrieB,  weighed  only  a  few  grains  more  than  the 
former  liquor,  this  was  an  acid,  and,  upon  eva<* 
poration,  yielded  a  cryfbllized  faccharine  acid; 
upon  the  addition  of  Hme  water,  a  iaccharated 
lime  fell  to  the  bottom,  and  on  the  top  there  float* 
cd  a  thin  ftratum  of  ether,  holding,  in  a  blue  fo-. 
hition,  a  calx  of  copper  and  of  gold  (the  laft, 
probably,  alloyed  with  copper).    This  Uquor,  if 
it  may  be  properly  called  an  ether,  differs  much 
from  the  common  ether;  for  it  is  not  inflam- 
mable, except  when  hot ;  nor  does  it  burn  with  a 
U  4  ^    whitCi. 
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wbitey  but  with  a  blue  flame,  only  white  on  ^ 
fu.rface ;  and,  finally,  the  fragrancy  of  its.  fmell  it 
but  weak ;  perbapfs  if  the  experiment  was  made 
with  a  larger  quantity,  it  would  fucceed  better:  af- 
ter the  Arise  had  ceafed,  there  cameover  a  drachm 
of  aii  acid  liquor,  which  precipitated  linYe-water^ 
and  on  evaporation  .yielded  a  cryftallinc  add  of 
fugar ;  there  came  over,  alfo,  abbot  half  a 
drachm  of  an  heavier  oil :  the  refiduum  confifted 
of  cryftallized  faccharine  acid,  and  weighed  29 
grains }  this  refiduum,  which  had  but  little  empyi^u- 
ma,  again  treated  the  fame  way  with  twadrachmi 
of  fpirit  of  wine,  yielded  a  few  oily  ftrias,  and  a 
fmall  quantity  of  oil :  the  black  refiduum,  which 
*  weighed  near  1 1  grains,  exhibited  brown  cryftak; 
and  in  the  fire  fent  forth  a  white  and  pungent  fmdct^ 

(g)  Vitriolic  ether  diffolves  the  cryftallized  add 
of  fugar,  but  with  difficulty. 

(h)  The  faccharine  acid  unites  with  the  oils 
both  effential  and  expreffed,  but  feparates  again 
on  proper  evaporation :  in  a  more  violent  heat^ 
alfo,  it  feparates,  by  rifmg  above  the  furface. 

(i)  In  an  heat  exceeding  15"*,  the  cryflals  arc 
gradually  covered  with  a  white  opake  cruft;  and 
at  length,  entirely  fplitting  into  a  white  powder^ 
lofe  about  -rV  of  their  weight ;  which  lofs  is  quick* 
ly  recovered  in  a  raoift  air :  the  cryflals,  when 
old,  are  covered  with  a  loofe  down,  fuch  as  ap* 
pears  upon  lutes  during  diftiilation  ;  but  is  in  no 
refpefl:  different  from  the  faccharine  acid  itfelt 

In  low  clofe  diftilling  veffels,  with  a  gentle  fire, 

the 
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• 

the  water  of  the  cryftals  firfl:  comes  over  (which 
forms  about  ^  of  the  whole)  and  the  acid  is  fu- 
fed.  When  the  heat  is  intcnfe,  it  foon  liquefies, 
and  upon  boiling  grows  brown ;  a  little  phlegm 
comes  over  into  the  receiver,  an  acid  powder  ef<* 
,  florefces  upon  the  luting  of  the  receiver,  and  a 
Hrhite  &line  crud  fublimes,  nay,  when  the  fire  is 
vehement, fome  of  it  is  forced  over  into  the  receiver; 
*b0t  the  greater  part  is  deflroyed,  leaving  in  the 
retort  a  brown  or  grey  matter,  equal  to  nearly  ^ 
of  the  cryftals ;  this  has  an  empyreumatic  fmell, 
makes  concentrated  vitriolic  acid  brown,  and  ni- 
dtrous  acid  yellow,  but  is  diiTolved  in  marine  acid, 
.  without  inducing  any  change  of  colour.  This  re^ 
iiduum,  expofed  to  the  fire  in  an  openveflel,  flied 
\oiSf  leaving  nothing  in  the  glafs  but  a  white  fpot* 
The  acid  of  fugar,  when  fublimed,  eafily  puts  on 
a  cryftalline  form,  and  feems  to  have  undergone 
ho  change,  except  that  it  is  rendered  extremely 
pure,  being  deprived  of  fo  much  of  its  oil  as  it 
Can  lofe  without  being  itfelf  deftroyed.  In  the  rq- 
ceiver  is  found  an  acid  liquor,  which  precipitates 
lime-water,  and  alfo  exhibits  the  properties  pf 
feccharine  acid,  but  docs  not  eafily  cryftallizc  :  a 
prodigious  quantity  of  elaftic  vapour  is  generated, 
which,  upon  feparating  the  vefiels,  is  found  to  be 
of  an  highly  pungent  and  empyreumatic  fmell ; — 
this  vapour,  colleded  during  diltillation,  amounts 
to  nearly  loo  cubic  inches  in  every  half  ounce  of 
the  cryftals,  and  confills  one  half  of  aerial  acid, 

which 
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which  may  cafily  be  fq)aratcd  by  lime-watery  Ae 
bthcr  half  is  inflammable  dir,  and  burns  with  t 
blue  flame  (hy 

Acid  of  fugar  which  has  beeti  onc^  foblixnedi 
when  again  ftibjddcd  to  the  filme  dperatton^  fends 
forth  a  virhite  fmbke ;  this,  colleded  in  a  receinir, 
exhibits^  upoil  cooling,  an  atid  liquor,  of  a  wt* 
ter-green  colour,  which  is  not  cryftallizable :  on 
the  fides  and  neck  of  the  retort,  alfo,  fomeof  the 
acid  is  found  fublimed,  and  fcarcely  changed} 
the  rcfiduum  is  grey. 

Upon  fubliming  a  third  time,  th^  recdver  wa$ 
buril  by  the  elaftic  vapour :  neverthelefs  a  minute 
portion  of  an  acid  Uquor  was  colledcd,  wbicb^ 
Upon  evaporating  to  drynefs,  left  a  fmall  refi- 
duum:   the  refiduum  in  the  retort  was  hoary. 
The  changes  now  dcfcribed  are  brought  abott 
more  fpeedily  by  means  of  heat  in  open  vc&ls{ 
the  fmoke  arifing  is  offenfive  to  the  noftrils  and 
the  lungs,  and  the  refiduum  is  of  a  whiter  colour} 
in  this  cafe  there  occur  no  veftiges  of  a  coal,  i 

(b)  M.  Morveau  obferves,  that  the  Ahh6  Fontiiui'l 
analyfis  of  this  acid  is  confidcrably  different.  He  does  not 
ellimate  the  aerial  acid  at  above  a  third  :  and  ihe  infiani- 
Inabk  air  Teemed  to  htm  to  ht  mixed  with  common  airi 
'  He  affirms,  thiit  an  ounce  of  the  cryftals>yiclded  432  cubit 
inches  of  thcfe  elaftic  fluids,  a  quantity  nearly  double  to 
that  afligned  by  Profeflbr  Bergman.  M*  Morveau  atui* 
butes  this  difference  to  the  different  means  which  he  fup* 
pofcs  thcfe  two  illuftrious  philofophers  employed  to  con* 
vert  the  acid  into  elaftic  fluid. '^  B. 

circumftance 
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ftrcumftance  which  clearly  diftinguiflies  the  acid 
bf  tartar  frdm  that  of  fiigar* 


^  III;    Saccharaied  vegetable  jMali. 

The  a6d  of  fugar,  exaCUy  faturated  with  vege^ 
table  alkali,  does  not  yield  cryftals  without  diffi- 
culty—but if  either  the  acid  or  the  alkali  be  a 
little  predominant,  cryftals  are  eafily  obtained: 
two  parts  of  alkali,  fully  aerated,  (;ombined  with 
oiie  of  facchdritte  acid,  b^ing  fldlfully  evaporated, 
aSbi-d  beautiful  prifms,  nearly  of  the  fame  foriti 
with  thofe  of  the  acid  itfelf :  thcfe  cryftals  height- 
en the  blue  colour  of  papdr  tinged  with  tumfole ; 
but  if  boiled  in  the  tinflure  of  tumfole,  or  in  fyrup 
bf  violets,  they  change  the  colour  to  a  red :  they 
diflblve  eafdy  in  water ;  but  with  difficulty  in  fpirit 
bf  ijtrine ;  they  undergo  fpotitaneous  calcination  ih 
heat :  the  faccharine  acid  is  feparated  from  the 
tryftals  by  lime,  terra  pbnderoia,  or  magnefia, 
when  pure ;  the  acids  of  vitriol,  of  liitre,  of  falf , 
of  fluor,  of  arfenic,  and  of  phofphorus,  alfo  in- 
duce a  change,  byattrading  the  alkaline  bafe.— 
Acetatcd  and  formicated  vegetable  alkali  are  de- 
tompofed  by  acid  of  fugar :  but  it  is  fire  alone 
that  can  perfe£lly  expel  the  faccharine  acid  from 
any  bafc.  In  difcovering  lime  in  any  manner, 
lodged  in. waters,  the  faccharated  vegetable  alkali 
is  preferable  to  any  fubfbnce  hitherto  known,  as 
it  attra£ls  lime  moft  powerfully^  and  is  able  to 

dilcngage 
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difcngage  it  from  any  other  acid :  it  forms,  widl 
the  lime,  a  fait,  very  difficult  of  folution,  which 
therefordifalls  to  the  bottom  in  the  form  of  a  white 
powder  ( §  vi.).  Although  this  eflFeft  may  be  pro. 
duced  by  the  acid  alone,  yet  the  double  (c)  affi« 
nity  accelerates  the  opetation,  atleait  never  iai« 
pedes  it. 

§  IV.     Sac  char  at ed  mineral  AlkaR. 

Two  parts  of  newly  cryftaliized  mineral  alkali^ 
combined  with  one  of  faccharine  acid,  form  a  bk 
very  difficult  of  folution,  which  is  partly  feparated 
during  the  operation,  but  what  remains  after  eva- 
poration yields  cryftalline  graihs :  thefc  cryftab 
difTolve  perfeftly  in  warm  water,  but  not  in  fpirit 
of  wine  ;"thcy  do  not  change  the  tindurc  of  tum- 
fole,  but  make  fyrup  of  violtts  green  :  the  lame 
earths,  and  the  fame  acids,  decompofe  this  and 
the  former  fait ;  and,  befidcs,  the  mineral  alkali 
is  expelled  by  the  vegetable. 

§  V.    Saccharated  volatile  Alkali* 

One  part  of  faccharine  acid  takes  up  fix  of  pure 
volatile  alkali  (didilled  from  one  of  fal  ammoniac, 
four  of  quick  lime,  and  three  of  water).  Thii 
combination  being  flowly  evaporated,  yields  qua* 

(r)  See  Trcatlfc  on  Elefixvc  Attraaioas. 

drangular 
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drangular  prifins,  generally  diverging  from  a  num- 
ber of  points.  Thefe  cryftals  not  only  redden 
tindure  of  tumfole,  but  alfo  fyrup  of  violets  ;  they 
fplit  in  heat,  lofing  about  ^  of  their  weight  :  this 
]ofs  takes  place  in  the  faccharated  volatile  alkali 
more  llowly  than  in  the  acid  of  fugar  itfelf :  wa- 
ter readily  diflblves  thefe  cryftals;  fpiritofwine 
does  not  :  upon  diflillation,  they  yield  firft  a  con- 
crete volatile  alkali,  then  fomewhat  of  a  faccha- 
rated volatile  alkali. — ^The  coally  rcfiduum  indi- 
cates a  decompofition,  and  confequently  the  difen- 
gagement  of  aerial  acid,  and  the  caufe  of  the  con- 
cretion of  the  volatile  alkali ; — this  union  is  de« 
compofed  by  fixed  alkalis,  and  by  the  earths 
and  acids  which  decompofe  the  former,  ($  iii* 
and  IV.). 

$  VI.     Saccharated  Lime. 

82  parts  of  laccharine  acid  take  up  100  of  pel- 
lucid calcareous  fpar,  but  not  immediately,  be- 
caufe  the  furface,  when  faturated  with  the  acid, 
prevents  the  accefs  of  the  acid  to  the  internal  nu- 
cleus. Nitrated  lime  is  completely  precipitated 
by  acid  of  fugar  in  the  form  of  a  white  powder, 
not  loluble  in  water ;  of  1 19  parts  by  weight  of 
this  powdrr,  72  fall  to  the  bottom,  and  47  appear 
upon  evaporation  :  hence  it  appears,  that  too 
parts  contain,  of  acid  48,  of  pure  lime  46,  and 
ct  water  6  j   fo  that  not  only  the  prefence  of  lime 

in 
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in  water  is  difcovcrcd  by  acid  of  fugar,  but 
^vcn  its  quantity  may,  without  difficulty,  be  afcpr. 
tained. 

The  faccharine  acid  attrads  lime  with  fuch  force, 
that  it  fcparates  it  from  every  other  :  this  combi- 
nation, tlierefore,  cannot  be  decompofed  by  any 
4cid,  alkali,  or  earth,  hitherto  known,  and  caq 
only  be  decompofed  by  fire  (e). 

Hence  alfo  we  underftand  the  neccffity  of  lime« 
water  in  the  purification  of  fugan  For  thp  juice 
of  the  cane  contains  a  fuperabundance  of  add, 
which  prevents  the  dry  concretion ;  and  even  if  toi 
pure  fugar  difToIved  in  water  be  added  the  faccba- 
vine  acid,  it  will  not  fqrm  pryflalline  grains.  Now, 
nothing  more  powerfully  attrads  this  ad(]  t^ 
lime ;  and  when  united  with  ic,  it  is  infolubic,  an4 
either  fialls  to  the  bottom,  or  floats  in  the  fcum: 
lime*water,  therefore,  aflfords  the  mod  complete 
means  of  effeding  the  cryftaliization,  as  it  removes 
the  impediment,  and,  befides,  may  eafily  be  ^d- 
cd  in.  any  proportion,    without  commimtcating 

{e)  Thig  feft,  however,  is  not  fo  pcrfeQ  ^  terra  pen- 
derofa  for  deteding  vitriolic  acid.  Bergman  himfelf  (ObC 
on  Calculus)  has  pointed  out  one  cafe  in  which  it  fiOs ; 
and  there  are  certainly  others  in  which  it  a&a  more  flowlf 
than  could  be  wifhed^  as  on  ftrong  folutions  of  lime  is 
acids  ;  and  others,  again,  in  which  its  adion  is  prevented 
hj  caufes  that  have  not  accurately  been  affigned.  I  hive 
frequently  found  it  capricious ;  for  fo  my  ignorance  obliges 
me  to  exprefs  myfelf. 

any 
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any  heterogeneous  matter.  Many  perfons  have 
thought  that  a  portion  of  the  {ime  remains  mixed 
^th  the  fugar ;  but  if  the  purification  be  proper* 
\f  conduced,  (he  nati^re  of  the  ingredients,  the 
OrcHmftances  of  the  operation,  and,  finally,  thp 
inoft  accurate  analyfis,  abundandy  ihew,  that  there 
is  not  the  fmallcft  trace  of  lime  remaining : — good 
fiigar  dilTolves  totally  in  di|tilled  water;  which 
could  not  poilibly  be  the  cafe  if  there  was  prefent 
jmy  lime,  either  crude  or  united  with  the  faccha^ 
Ifine  acid,  as  either  of  thefe  fublUnces*  whether 
alone  or  mixed  with  fugar,  is  utterly  infoluble  i|i 
water.  The  vegetable  alkali  does  indeed  abforb 
the  acid  of  fugar,  but  forms  with  it  a  fait  nqt  very^ 
difficult  of  (pluuon,  ((  iii.);  ^^9  befides,  ft 
ouiftic  lixivium^  if  ufed  in  too  great  quantity,  will 
d]£[blve  a  portion  of  the  fugar.  In  fac^harated 
Ume,  the  earthy  bafis  predominates ;  for,  whq[i 
boiled  with  fyrup  of  violets,  it  ilrikes  a  green  cq-. 
lottr(y). 

S  VII. 

(/)  f'  PJiTficians  are  fometimes  heard  to  fajr,  that  the 
life  of  fttgar  may  be  hurtful,  00  account  of  the  lime  ufed  in 
icfiniog  it.  Su(  fuch  mu$  l>clong  to  the  dafs,  unhappilj 
too  numerous,  whom  intereil  prompts  to  contend,  that 
^jmiftry  is  of  no  fenrice  in  the  praflice  of  medicine. 

*'  We  have  here  alfo  a  ftrikinj;^  proof  of  the  influence  of 

chjrmiftrj  in  the  improvement  of  the  arts.     The  author's 

difcoverj  cannot  fail  to  illuftrate  the  procefs  for  refinin^r 

fugars  :  it  had  been  fufpeded  that  the  lime  attraded  fon^e 

-  imAuQus  fttbftance,  or  an  acid.    Qut  this  wfji  inere  coi^- 

je&ure ; 
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§  viT.     Saccharated  Terra  Ponderofa^ 

Acid  of  fugar,  faturatcd  with  terra  ponderola, 
quickly  dcpofits  pellucid  angular  cryftals,  fcarcdf 
foluble  in  water ;  boiled  in  diftilled  water,  they 
fplit,  and  yield  an  opaque  powder ;  but  on  cod- 
ing, the  fmall  portion  which  is  diflblved  again  con- 
cretes into  cryflals,  containing  a  fupcrabundaot 
acid  ;  for  this  combination  never  cryftallizes,  uft- 
!efs  the  acid  be  predominant.  Now,  the  hot  n^ 
ter  takes  the  fuperabundant  acid  from  the  greateft 
part,  and  therefore  renders  it  infoluble,  no  more 
acid  remaining  than  what  is  neceflary  to  fatura- 
tion  ; — they  fcarcely  diflblve  in  fpirit  of  wine  j*-? 
they  yield  their  menftruum  to  lime.  Saccharated 
terra  ponderofa,  put  into  a  lixivium  of  pure  vege- 
table alkali,  is  covered  with  an  opaque  cruft,  and 
at  length  falls  into  a  powder  :  the  alkali  is  found 
united  with  the  fuperabundant  acid. 

jc6lurc  ;  and  \t  will  be  cafy  (now  the  objc^  to  be  accon- 
plifhed,  and  the  manner  of  adion  of  the  matters  employed^ 
are  known)  to  improve  the  mode  of  proceeding.  The  ' 
lime,  I  fhould  fuppofc,  fcrvcs  to  feparate  not  only  the  fu- 
perabundant acid  furniflied  from  the  cane,  but  that  alfo 
whicli  is  developed  by  the  adion  of  fire,  or  by  an  incipieilt 
fpontaneous  fermentation  of  the  effeiltial  fait  :  for,  inde- 
pendently of  the  lofs  in  coarfe  fugars,  that  which  has  beeo 
long  ktpt  in  a  damp  place  has  been  obferved  to  turn  yel- 
low and  vifcid  {gras) ;  infomuch  that  it  became  ncccflarj' 
to  refiije  it  again.'*^Morvcau. 

Sviiz. 
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§  VI IT.     Saccharated  Magnejia. 

>  The  acid  of  fugar  diflolves  magneda^  and  formd 
a  middle  fait,  in  the  form  of  a  white  powder^ 
\f  bich  is  not  foluble  either  in  water  or  fpirit  of 
^ne,  unlefs  the  acid  be  fuperabundant.  loo 
parts  of  this  fait  contain  35  of  pure  magnelia^ 
and  of  acid  and  water  about  65  :  the  fluor  acid 
is  the  only  one  which  decoitipofes  this  fait ;  it  is 
.a!fb.  decompofed  by  lime  and  terra  ponderofa  2 
pure  magnefia  feparates  the  iaccharine  acid  froni 
alkaline  ialts. 

$  ijc.    Saccharated  Clay 4 

4a  parts  of  earth  of  alum,  well  waflied,  ate  dit^ 
fohred  by  digeftion  in  53  of  acid  of  fugan  This 
iblution^  on  evaporation,  does  not  produce  cry* 
ftals,  but  a  yellowifh  pellucid  mafs,  of  a  fweet  yet 
aftringent  ta(le.  This,  when  dry,  deliquiates  in 
a  moid  air,  and  gains  4  of  its  weight :  it  reddens 
tin£ture  of  tumfole,  but  not  fyrup  of  violets ;  it 
diflolves  fparingly  in  fpirit  of  wme ;  in  the  fire  it 
fwclls,  the  acid  flies  oS*,  ^nd  leaves  behind  a  brown 
earth.— « I  op  parts  contain  about  44  of  earth,  and 
56  of  acid  and  water.  The  vitriolic^  nitrous,  and 
marine  acids,  the  alkaline  falts,  terra  ponderofa, 
Time,  and  magnefia,  all  decompofe  faccharated  clay. 
Iron  alfo  is  attacked  by  a  folution  of  this  fait ;  and 
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the  iron  feparates,  united  with  the  laccharine  add. 

Alum  is  not  decompofed  by  acid  of  fugar ; 
neither  docs  aitrated  or  falitcd  clay  yield  their  bale 
toiu 


5  X.     Sacchc&ated  Cold. 

The  acid  of  fugar  does  not  aft  upon  goM  wbSk 
in  folution ;  yet  if  it  be  precipitated  by  a  fixed  ik 
kali,  and  well  waihed,  this  acid  blackens^  but 
icarcely  diflblves  it 


5  XI  •    Saccharated  Platina. 

Platina  is  not  diiTolved,  unlefs  precipitated  by 
an  alkali.  Now,  the  vegetable  alkali  partly  uBitci 
with  the  di0blved  platina,  forming  a  fait  very  difr 
cult  of  folution ;  which  therefore,  upon  the  adcfr 
tion  of  the  alkali,  falls  to  the  bottom  like  a  preci- 
pitate, although  in  reality  it  contains  aqua  regisi 
or  at  leaft  marine  acid ;  therefore,  ta  avoid  txu^ 
fufion,  I  make  ufe  of  platina  precipitated  bj  • 
mineral  alkali,  and  well  waflied.  1  know  foot 
expert  chymifts  aflert,  that  this  noble  metal  doei 
not  yield  to  ipineral  alkali ;  -but  the  contrary  is» 
(ily  Ihewn. — Of  this  we  have  treated  elfewheietf 
large ;  therefore  we  return  to  the  folution  madefcf 
acid  of  fugar :  this  is  yellowy  and  yields  ydo* 
cryilaU. 


• 
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§  xiu    Saccharated  Silver^ 

Acid  of  fugar  diflblves  filver  precipitated  by  1 
fixed  alkali  but  fparingly,  and  docs  hot  attack  tht 
metal  itfelf.  This  combination  is  mod  conve* 
niently  obtained  from  a  faturatcd  folution  of  filver 
in  nitrous  acid»  The  (ilvcr,  upon  the  addition  of 
acid  of  fugar,  precipitates  in  the  form  of  a  white 
powder^  which,  when  waflied,  does  tiot  change 
even  the  tindure  of  turnfole  ;  fcarccrly  diflblves  ia 
water,  much  lefs  in  fpirit  of  wine ;  yet  is  foluble 
in  nitrous  acid,  and  grows  bbck  by  the  rays  of 
the  fun.  Acid  of  fugar  alfo  decompofes  vitriol 
of  filver,  but  not  falited  filver,  fo  far  as  I  have 
hkhcrto  been  able  to  determine  with  certainty. 

S  XI 1 1.     Saccharated  Mercury. 

Mercury^  like  the  former  metals,  is  not  zStcd 
upon  by  acid  of  fugar,  unlefs  it  be  paitly  depri* 
Ycd  of  its  phlogifton ;  but  in  that  ftate  it  is  diifoU 
vedy' forming  a  powdery  white  (alt,  which  is  not 
Iblttble  m  water,  unlefs  the  acid  predominates^ 
and  grows  black  when  cxpofed  to  the  fun^  The 
ftiiie  fidt  may  be  had  from  mercury  diflblved  in 
Qitroiis  or  marine  acid,  by  ths  addition  of  acid 
di  fiigar^  which  immediately  occafions  a  preci- 
pitatba.  Corrofive  fublimatej  by  this  method, 
X  a  yields 
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yields  a  fine  powder,  but  flowly,  and  in  very 
fmall  quantity,  which  docs  hot  grow  black  in  the 
liglit. 


§  XIV.    Saccharated  Lead. 

Lead,  digefted  with  acid  of  fugar,  is  corroded, 
b^ut  fcarcely  diiTolved,  unlets  it  be  calcined,  cfpe» 
cially  by  precipitation  with  an  alkali.  This  fohi- 
tion,  when  approaching  to  faturation,  is  madetar* 
bid  by  faline  grains>  which  feparate  and  fidi  to  tho 
bottom.  The  fame  happens  upon  adding  acid  of 
fugar  to  folution  of  lead,  in  nitrous  acid,  mariDC 
acid,  or  vinegar  :  thcfe  cryftals  contain  about  $$ 
parts  of  lead  in  loo;  they  do  not  diflblve  in  f{MnC 
of  wine,  and  fcarcely  in  water,  unlefs  it  be  iharp- 
ened  by  an  acid.  A  folution  of  vitriolated  lead  is 
not  precipitated  by  the  faccharine  acid» 

§  XV.    Saccharated  Copptr. 

Acid  of  fugar  attacks  copper,  even  in  its  ID^ 
taliic  (late ;  but  with  greater  eafe  if  it  has  been 
diifoived  and  precipitated ,  by  an  alkali.  Bothfb- 
lutions  form  a  powder  of  a  dilute  blue  coioor, 
which,  unlefs  the  acid  predominates,  is  fcarcdf 
foluble  in  water :  i\  parts  of  copper  require  19 
of  acid.  Copper  is  precipitated  by  faccharine  !• 
cid,  from  its  folution  in  vitriolic,  nitrous,  or  a«- 
rine  acid.    The  colour  of  a  folution  of  this  fikit 
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ambctiire  of  blue  and  gceen,  the  copper  depofits 
upon  zinc  or  iron.  The  acid  of  fugar  dccompo-; 
fes  acetated  copper  fo  completely,  that  the  concen- 
trated vinegar  may  be  feparately  coUe&ed,  only  a 
Cttle  adulterated  with  copper. 


5  XVI.     Saccharated  Iron. 

•  The  acid  of  fugar  attadu  iron  with  an  efier- 
refcence,  which  is  occaiioned  by  the  extrication 
of  phlogifton  (^).  The  folution  has  an  aftrin- 
gent  fwectncfs ;  and,  when  made  without  heat, 
exhibits  prifmatic  cryflals  of  a  greenifh  yellow  co* 
btir,  eafily  fohible  in  water,  pofleifing  a  fup^r- 
ibundance  of  acid,  and  yet  fplitting  in  heat.  In 
100  parts  there  are  55  of  acid,  and  45  of  iron. 
rhe  add  being  expelled  by  fire,  there  remajns 
xfirmiginous  ma&  marked  with  greenifh  fqua- 

{g)  "  I  do  not  believe  that  the  feparation  alone  of  phlo-* 
gifton  can  occafion  a  fenfible  effierrefcence.  This  phxno- 
fliciioa  takct  place  in  tlie  folution  of  metaU,  in  proportion 
to  the  decompofition  of  the  acid,  at  lead  a  partial  decom- 
pofition  ;  whence  an  elaflic  fluid  is  produced,  which  unites 
with  phlogifton*  and  becomes  inflammable  air."  Morveau. 
*-Mr  Kirwait would  explain  .this  appearance  by  faying, 
that  the  acid,  in  difiblving  the  metal,  gires  out  fire  to  the 
phlogifton,  which. enables  it  to  afliiiHe  an  aerial  form ;  and 
if  it  fliould  at  laft  be  proved,  that  inflammable  air  is  one  of 
the  ftates  of  phlogifton,  this  muit  be  accepted  as  the  true 
theory.   'B.  ' 

Z  %  mulae 
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tfiulas  on  the  furiace,  but  the  nudcus  targa  ^t 
brown. 

CaU  of  iron  is  alfo  diflfolired ;  but  cm  digeftiiif 
both  it  and  the  foregoing  folution,  they  yield  Wh 
thing  but  a  yellow  powder,  fuch  at  U  prectpitaiej 
from  green  vitriol  by  acid  of  fugar,  and  is  M^ 
had  in  the  preparation  of  the  faccharine  acid, 
when  the  nitrous  acid  employed  abounds  with 
iron.  This  powder  isalmoft  infblublt  iaw^eri 
l^ut  on  boiling  feparates  an  ochre, 

5  ^^^^*    $acctiarated  Tin. 

Tin,  by  the  alfiftance  of  heat,  it  blackened  bf 
^e  acid  of  fugar,  and  at  length  covered  by  an  hoary 
powder :  the  folution  emits  elaftic  vapours,  pof- 
feffes  an  auftere  taOe,  and  exhibits  prifmatk  arf 
ftals ;  but  when  quickly  evaporated  to  dryneb,  no* 
thing  remains  but  a  corneous  mafs,  which  being 
-diflblved,  on  the  addition  of  an  alkali  yidds  a  co- 
pious precipitate.  1  he  calx  of  tin  U  alfo  eafiif 
diflblved,  and  both  the  combinatiom  make  iSaiSsm 
of  turnfole  red. 

§  XVI II.    SaccharMed  Bifmuth. 

The  reguUis  ci  bifmuth  is  fomewhat  eorroded 
by  aCid  of  fugar ;  but  the  calx  only  is  diflolved^ 
This  fait  is  powdery  and  white^  an4  fcarce  fiduUeiB 
\^;itef ;  the  metal  conftitut^  one  half  of  its  wci^ 

^  - ' If 
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IFto  :t  folatioa  of  nitrated  biftnuth  be  added  the 
Saccharine  add,  in  the  fpace  of  an  hour  polygonal 
tranfparent  grains  concrete  at  the  bottom  of  the 
veffid,  which  have  the  laaie  pn^)crties  as  the  a- 
boye*mcntioned  powder,  nor  do  they  occafion 
opacity  in  water,  lil^e  the  cryftals  of  nitrated  bif- 
muth. 

$  XIX.    Saccharahd  Nickel. 

Tht  regains  of  nickel,  digcfted  in  acid  of  fugar, 
U  covered  with  a  greeniih  white  cruft,  and  at 
length  all  f{dits  into  a  powder  of  the  lame  colour ; 
the  green  calx  alio,  aifttmes  the  iame  colour,  even 
wridKMit  heat.->«>-Thi8  combination  contains  twice 
as  much  add  as  metal.  The  iaccharine  acid  pre- 
djHtaites  a  powder  of  the  iame  lund  from  nickel 
^fiflbhncd  in  vitriolic,  lutrous,  or  marine  acids: 
this  £dtx  is  diflblved  in  water  in  fmall  quantity, 
and  affumes  a  yellow  colour,  fcarce  tinged  with 
green;  and  the  cryftals  are  of  the  iame  colour. 

%x%.    Saccharated  Arjemt. 

Arienic  in  a  reguline  ftate  is  fcarcdy  ^(Tolved 
by  digeftion,  but  white  arfenic  is  eafily  taken  up 
without  heat ;  on  evaporation  it  exhibits  prifmatic 
cryftals,  which,  melting  with  a  gentle  heat,  emit 
die  fuperabundant  acid,  and  (hoot  into  elegant 
famifications ;  theie  eafily  diflolve  in  water,  and  - 
X  4  in 
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}n  fpirit  of  wine  make  tin&ire  of  tumfole  itdt 
are  fublimed  by  a  gentle  fire,  but  deftroyed  by  a 
ftronger  ;  the  faccharine  acid  firft  flying  off,  and 
then  the  white  arfenic,  with  a  fmcU  of  garlidu 

§  XX T.    Saccharated  Cobalt. 

Acid  of  fugar  attacks  cobalt,  either  widi  or 
without  heat,  and  converts  it  into  a  powder  of  i 
dilute  rofe-colour.  The  folution  is  more  yenow, 
and  exhibits  cryftals  of  the  like  colour,  abounding 
in  acid,  and  therefore  eafily  foluble ;  but  the  rofe- 
colours  I  powder,  which  does  not  change  tumfok, 
is  fcarcely  foiuble  in  water.  The  acid  of  fugar, 
in  a  moderate  heat,  takes  up  more  than  an  equal 
weight  of  precipitated  cobalt :  on  the  addition  of 
common  fait  this  folution  yields  a  fympathetic  ink. 

The  faccharine  acid  feparates  cobalt  firom  aB 
acids  yet  known,  and  ibrms  the  abovc*mendoQed 
^  powder. 

§  XXI  r.    Saccharated  Zinc. 

Regulus.of  zinc  effervcfces  violently  with  lac* 
charine  acid,  and  is  fpon  covered  with  a  white 
powder:  this,  in  loo,  contains  75  of  metal,  and 
is  not  foluble  in  water,  unlefs  when  the  acid  pre- 
dominates :  the  calx  yields  a  (imilar  powder,  and 
pn  the  addition  of  acid  of  fugar  to  folutions  of 
^inc,  in  vitriolic,  nitrous,  or  marine  acids,  afi- 
pillar  powder  is  obtained. 

$  xxiii. 
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$  xxiit.  '  Saccharated  Antimony.  ^ 

Regulus  of  antimony  grows  black,  in  digeflion 
with  faccbarine  acid,  but  the  calx  and  the  giaft 
are  diilblved,  though  flowly.^ — ^The  folution,  in 
wbicl^,  the  acid  is  always  predominant,  exhibits 
cryftalline  grains,  which  are.fcarcely  foluble  in 
water^  Tbe-  acid  of  fugar  precipitates  fimilar 
grains  from  acetated  glafs  of  antimony,  but  not 
-irom  the  butter}  yet  it  takes  antimony  from  the 
vitriolic  acid. 

5  XXIV.    Saccharated  Manganefe. 

Magnefia  nigra  eScrvefces  with  acid  of  fugar, 
.cren  without  heat ;  but  the  faturated  fohition  dc- 
poiitsa  white  powder  fcarcely  (pluble  in  wateTf 
unle&  the  aci4.b<  fuperabundant.  This  ialt  growi 
black  in  the  fire,  but  again,  upon  the  afiufion  of 
acid,  iS  turned  to. a  milky  powder,  fuch  as  is  pre- 
cipitated  (mixed  with  fome  cryfialline  grains)  up- 
^n  the  addition  of  iaccharine  acid,  from  the  fo* 
lutions  of  manganefe  in  vitriolic,  nitrons,  or  ma* 
line  acids. 

%  XXV.     Ele&ive  j4ttraeiions  of  j^cid  of  Sugar. 

From  the  preceding  experiments  it  appears, 
it^  the  ele^ve  attr^ions  of  ^cid  of  lugar  are  as 

foUoWj, 
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follow,  viz.  Ltme  claims  the  firft  fhce(§vu); 
terra  ponderofa  the  fecond  (vii.))  then  magne- 
fia  (viiT.);  vegetable  alkali  (in*);  mineral  al« 
kali  (iv);  volatile  alkali  (v.);  and  laftlj,  clay 
(ix-)      With  regard  to  other  tcid«,  the  iaccht* 
line  acid  yields  alkalis  to  i^triolic^  nitrous  and 
marine  acids,  arfenical  add,  acid  of  fluo^,  and 
phofphoric  acids  (iri);  it  yiekls  lime  to  none 
(vi  );  terra  pondero(a,  to  vitriolic  acid  (vil); 
magnefia,  to  the  fluor  acid  (viii.);  day,  ton- 
triolic,   nitrous,  and  marine  acids  (ix.);  fiHcr 
(xiu)  and  antimony  (xxiii.)  to  marine'ldd; 
lead  (xiv. )  and  perhaps  tin  (xvi  i.)  to  the  vifrio* 
lie;    bat   mercury  (xiii.), 'copper  (xv.),  iron 
(xvi),  bifmuth  (xviii.),  nickel  (xix.),  cobak 
(XX I.),  zinc  (xxii),  and  maftganefe  (xxiv.)^ 
to  none,  fo  br  as  is  yet  known.     As  to  die  me- 
tals, though  they  are  fet  down  by  aD  in  die  tabfc 
'9f  fimple  ele£Hve  attradions,  thdr  foroet  baaf 
determined  by  precipitation  ;  yet,  properly  ^leak- 
ing,  they  do  not  belong  to  that  plaoe^  as  theft 
predpitations  are  in  fad  performed  by  meant  oft 
double  eledive  attradion.-— If,  however,  any  one 
wiihes  to  keep  them  in  that  place,  be  may  take  it 
for  granted  that  they  preferve  nearly  the  fiune  €^ 
ider,  whatever  menftruum  they  are  diflblved  in. 

XXVI. 
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^xivu    fP'hether  Saccharine  Acid  oioes  its 
Origin  to  the  nitrous. 

'  tiklSAtM  '^»c  hiive  ccmfider^d  the  propcrtict  <£ 
iStut  actd^bf-^rugar;  k  nour  remiyns  to  fay  fome^ 
thing  (>f  its  origiki:  ind  here  a  queftion  firft  06» 
eur^,  whether  it  he  thily  and  perfeffly  inhett:nt  in 
tile  fugar,  or  whether  it  be  generated  during  the 
boilihg,  by  the  adtentttious  nhrous  acid?  I  do 
fide  deny  but  that,  at  firft  fight,  the  nitrous  acid 
appears  to  contribute  fomething  to  the  generation 
of  this  acid,  as  alf  attempts  to  generate  it  without 
the  aififtance  of  that  acid  have  hidierto  fiuled.  t 
mice  thought,  that  the  nitrous  acid,  being  veiy 
greedy  of  phiogifton,  is  by  that  means  able,  du* 
ting  the  procefs,  to  (poil  the  faponaceous  ma&  of 
Ihgar  fo  far  of  its  inflammable  principle  that  it  can 
at  length  give  out  its  faline  principle  alone ;  yet  t 
Dieirrr  could  accomplifh  this  end,  either  by  diftil* 
lation  of  fugar,  or  detonation  with  nitre ;  by  di- 
geftion  or  decodion  whh  vitriolic  or'  dephlogifti* 
catcd  marine  acid;  not  finally  by  manganefe: 
however,  although  the  experiments  hitherto  tried 
have  proved  fruitlefs,  we  are  not  authorifed  to 
conclude  that  there  is  no  poffible  means  of  extrad* 
ing  the  acid  of  fugar  without  the  help  of  nitrous 
acid  \  at  leaft,  it  cannot  be  proved  by  any  proba« 
Wc^  much  ieis  conclufive  argument,  that  nitrous 
9dd  ^tcry  into  the  compoTuioii  of  the  acid  of 
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fugar. — Sugar  is  either  fpontaneoufly  or  artificial- 
ly  fcparated  from  certain  vegetable  juices,  ai^,  i| 
therefore  confidered  as  an  eflential  fait :  now  aD 
fuch  falts,  as  we  know,  poflfefs  acids  peculiar  to 
'themfelves ;  it  will  therefore  hardly  be  denied  that 
the  iame  is  the  cafe  with  refped;  to  fugar,  though 
V9e  were  ignorant  of  any  otl^  proofs.  In  conur 
mon  fugar,  the  fuperabundant  acid  is  carried  off 
in  fuch  a  manner  during  the  preparation,  as  to 
cfcape  the  notice  of  our  fenfes :  neverthelels  thofe 
converfant  in  chymiftry  can  entertsun  no  doubt 
concerning  that  which  remains  (A). 

Wc  conclude  then  that  an  acid  does  ezift  in 
fugar :  it  remains  to  enquire,  whether  this  be  al- 
tered by  the  nitrous  acid. 

If  we  examine  the  operation  with  all  due  atten- 
jion,  we  (hall  find  that  nitrous  acid  has  fuficred 
;io  other  change  than  the  following :  it  grows  red» 
Jbeing  loaded  with  phlogifton,  it  becomes  more  vo- 
Jatile  and  more  weak,  and  a  part  of  it  afTume; 
.the  natirre  and  properties  of  that  elafUc  fluid  now 
.diflinguifhed  by  the  name  of  nitrous  air :  again, 
nothing  more  is  required  than  that  the  effential 
acid  entangled  in  the  oily  part  be  fet  at  liberty, 
and  this  is  obtained  in  an  highly  adive  Ilatc, 
(§  1.  g),  although  flill  loaded  with  fo  great  a 
quantity  of  phlogifton  as  to  exhibit  cryftals,  while 
other  acids,  being  deprived  of  that  principle,  arc 

(A)  The  acid  of  refined  fugar  is  developed  fo  as  to  vaJkt 
a  fenfible  ixnpreiCon  on  the  teeth.    Monrcau. 

always 
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always  fluid ;  and  this  folid  (late  is  competent  to 
iaccharine  acid,,  even  when  further  deprived  of 
phlogifton  (§  III.  I.)  (i). 

If  we  confider  the  nature  of  the  acid  of  fugar, 
we  (ball  find  that  it  does  not  refemble  the  nitrous 

(i)  If  it  be  in  general  true,  that  the  concrete. flate  of 
the  acids  is  owing  to  phlogifton  alone,  neither  the  feda- 
tive  nor  the  phofphoric  acid,   in  a  glafly  ftate,  nor  that  of 
arfenic,  can  be  free  from  it ;  yet  the  two  laft  form  with  it 
-  folid  fulphur,  as  well  as  the  vitriolic ;  and  the  folidity  it 
-probably  owing  to  the  fame  combination.     On  the  other 
hand,  a  fluid  form  is  effential  to  marine  acid  not  dephlo- 
.  gifticated ;  vinegar,  though   loaded   with  un^uous   mat* 
ter,  cannot  be  obtained  concrete ;  nitrous  acid  is  changed 
by  phlogifton  into  gas,  and  the  volatile  vitriolic  acid  pre- 
ferves  its  fluidity.     It  appears  indeed,  that  thefe  laft- men- 
tioned combinations  are  modified  by  air,  which  caufes  the 
difference  between  fulphur  and  the  fulphureous  acid;— 
but  thefe  obfervations  ought  not  the  lefs  to  guard  us  againft 
generalizing  the  principle.     The  analogy  obferved  by  the 
author  may  be  very  juft,  when  confidered  with  refped  to 
fome  particular  phacnomena ;  and  it  is  very  poifiblc  that 
the  fluid  vitriolic  acid  may  harbour  as  much  phlogifton  as 
cryftals  of  the  faccharine  acid  before  calcination :  the  more 
•r  Ie(8  deftrudibility  of  a  compound  does  not  always  indi- 
cate the  proportion  of  the  conftituent  parts :    laftly,  the 
fluidity  of  acid  is  a  real  ftate  of  fuOon,  like  that  of  mer- 
cury; this  idea,  which   I  had  not  conlidered  (1.  c.)   but 
with  refped  to  its  connexion  with  the  general  fyftem  of 
the  properties  of  bodies,  13  confirmed  by  the  fine  experi- 
ments of  the  Duke  d'Ayen.  on  the  congelation  of  the  vi« 
triolic  acid  in  a  temperature   15  degrees  below  the  freez- 
ing point  [3^  or  3^  below  q  of  Fahrenheit's  fcale.] 

Monroaii.    - 
acid 
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acid  in  any  other  inftance  than  thofe  propmio 
which  are  common  to  ail  acids :  bclides,  it  estpds 
the  nitrous  acid  from  lime,  terra  pondcroia,  magr 
Qcfia,  and  mctais  (f  xxv.) ;  yielding  to  the  other 
acids  nothing  but  alkalis  (§  iii.)«     While  the 
nitrous  acid  produces  falts,  either  deliquefcbnt  or 
eafily  foluble,  acid  of  fugar  yields  fuch  as  are 
fcarcely  foluble  in  water  (§  vi.  vrii.  xir.  xv. 
XVI.  XIX.  XXI.).     Alkalis,  when  nitrated,  de* 
tonate    with    ignited    phlogifton ;    but,    when 
laccbarated,  (hew  not  the  lead  figns  of  deflagra- 
tion, which  they  evidently  do  upon  the  addition 
of  the  fmalleft  particle  of  nitrous  acid.     The  ni- 
trous  acid  corrodes  tin  and  antimony,  but  fcarce- 
ly diflblves  them,  while  acid  of  fugar  readily  ads 
upon  them:   phlogidicated  nitrous  acid,  united 
with  vegetable  fixed  alkali,  deliquefces,"  does  not 
form  cryftals,  and  is  readily  expelled  by  vinegar, 
or  even  by  acid  of  fugar,  ftill  more  loaded  with 
phlogifton :  all  which  circumftances  by  no  means 
take  place  with  refped  to  the  fixed  vegetable  al- 
kali  united  with  acid  of  fugar.     Many  other  diiS- 
milaritics  will  occur  upon  comparifon,  fo  that  thcfe 
acids  are  of  a  nature  not  only  unlike,  but  in  many 
inftances  diametrically  oppofite.     If  any  will  attri* 
bute  all  the  difference  to  phlogifton,  I  will  not 
deny,  that  that  fubtile  principle  forms  a  wonde^ 
ftil  fource  of  difference ;  but  the  differences  which 
take  place  here  can  by  no  means  be  attributed  to 
-this  when  properly  examined.    The  nitrous  acid 

is 
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it  weakened,  and  made  far  more  volatile,  by 
uiuon  wirh  the  phlogiftcm ;  the  acid  of  fugar  much 
more  fixed,  even  when  loaded  with  fo  great  a 
quantity  as  to  be  cryftanizable;'-^it  almoft  every 
where  expels  the  ftrongeft  nitrous  acid,  as  expert* 
mems  (hew;  befides,  the  phlogifticated  nitrous 
add  produces,  with  the  very  (ame  matters,  com- 
pounds totally  different  from  thofe  with  acid  of 
fi|gar«  Nothing  can  be  judged  from  circumftan- 
ces  which  are  unknown,  forged,  or  at  beft  pof- 
fible-^and  among  ^1  the  fads  yet  known,  con- 
cerning the  acid  of  fugar,  we  can  find  no  figns  of 
its  being  derived  from  the  nitrous  acid. 

However,  let  us  enquire  more  deeply ;  let  us 
principally  confult  nature,  not  indifferentry  and 
flightly,  fopplying  the  deficiencies  with  fidion, 
but  candidly  and  properly,  by  apt  and  accurate 
experiments,  othcrwifc  her  anfwers,  like  thofe  of 
the  oracles  of  old,  mil  be  either  dchifive  or  am- 
biguous. 

But,  by  ^atever  means  the  acid  of  fugar  is 
produced,  it  muft  be  confidercd  as  diftind  and 
different  firom  all  others,  being  always  effentially 
and  fpecifically  the  fame.  Its  fmgular  properties, 
fame  of  which  are  of  confiderable  ufc  in  chymi- 
ftry,  ihcw  that  it  deferves  the  mod  pardcular  at- 
tention :  firqpi  the  time  of  Stahl,  many  confider- 
cd the  nitrous  and  marine  acids  as  generated  from 
•  the  vitriolic ;  but  if  all  confiding  in  this  theory 
(which  yet  is  contradicted  by  daily  obfervation) 

had 
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had  neglected  the  examination  of' thofe  addi, 
confidcring  them  a$  fubordinate  an4  derivative, 
we  (hould:be  to  this  day  ignorant  of  many  fiago- 
lar  fafts,  which  by  degrees  were  4ifcovcred,  prirw 
cipally;  becaufe  many  confidered  thefc  acids  at 
diftinct  and  fitparate  fubftances  (^).    . 

DIS- 


(t)  To  the  hiftory  of  the  Acid  of  Sugar,  accident,  and 
the  enquiries  of  later  chymifls,  enable  me  to  make  addi- 
tion. — Profcflbr  Murray,  of  Gottingen,  has  affirmed,  that 
Mr  Schrikel  has  obtained  it  by  repeated  diftillations  and 
congelation,  without  ufmg  any  nitrous  acid.  M.  Mor« 
veau,  from  whom  I  learn  this,  adds  nothing  further  con- 
cerning the  procefs.  Was  it  in  this  cafe  procured  by  dif- 
tilling  fugar  with  the  black  calx  of  manganefe,  or  the  calx 
of  lead,  fubflances  which  attradi  the  inflammable  prtndple 
with  confiderable  force  ?  yet  the  author  failed,  as  he  did 
alfo  in  attempting  to  dephlogiilicate  the  faccharine  add 
by  means  of  the  dephlogifticated  muriatic  acid.  The  expe- 
riments, however,  mentioned  by  Profcffor  Murray,  fiif 
ni(h  an  irrefragable  argument  of  the  effcntial  difference  be- 
tween the  nitrous  acid,  and  that  of  fugar.  Though  the 
author's  rcafoning,  by  every  unprejudiced  pcrfon,  will  bt 
thought  to  prove  this  abundantly,  there  are  fome  chymifti 
of  note,  and  teachers  of  chymiftry,  Who  maintain,  that 
the  faccharine  acid  is  nothing  but  nitrous  fulphur. 

"  The  Abbe  Fontana  has  obtained  an  acid  pcrfedly  like 
that  ef  fugar,  and  faccharine  fubflances,  from  all  the  gums 
and  refins."  (Journ.  Phyf.  torn.  xii.  p.  182.  and  toouxiii. 
p.  23.).     Morvcau. 

I  have  heard  that  it  has  been  procured  from  oils ;  bat 
the  moft  interefling  difcovery  of  this  fort  was  made  bf 
the  celebrated  Mr  Watt  of  Birmingham : —he  was,  I  w 

derftani 
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^erftandy  making  fome  experiments  relative  to  ink,  whcA 
he  obfenred  a  number  of  bodies  floating  in  the  fluid,  which 
had  the  fliape  of  cryftals  of  the  (accharine  add>  and  upon 
csamination  were  found  to  be  really  fnch  x  he  found,  by 
adding  nitrous  acid  to  galls,  and  conducing  the  procefs  id 
the  waf  recommended  by  Profeflbr  Bergman^  that  thefe 
aftringent  bodies  contain  the  acid  of  fugar  in  greater  a* 
bandance  than  the  fubftance  from  which  it  derives  iu 
iiaine.^I  cannot  be  certain  that  thefe  circumflances  took 
place  exa^ly  as  I  defcribe  them,  but  I  have  reafon  to  fup* 
fott  that  this  account  is  near  the  truth*  B.  The  acid  yield* 
cd  by  an  infu£on  of  galls»  or  by  difttlling  theifi>  accordihg 
to  a  late  difcovery  of  Scheel's,  is  probably  only  a  modifi« 
cation  of  the  faccharine  acid. 

As  to  what  is  (aid  concerning  acid  of  fugar,  procured 
by  xiiftillation  and  congelation,  Dr  Murray,  or  Mr  Mor- 
yttLUf  muft  have  miftaken  the  matter,  Mr  Schrickel  did 
obtain  an  acid»  by  diftillation,  but  very  different  from  Berg« 
man's*  as  may  be  feen  in  a  paper  of  Crell's,  among  Mr 
Scheel's  Eflays.  To  obtain  acid  of  fugar,  without  vital 
tir,  or  nitrous  acid,  vtcould  be  a  h&  of  great  importanct 
in  the  pitfent  ftate  of  chemical  theory. 
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t>REt*ARATION  of  ALUM* 


§  I.    Fariaus  Ufes  df  j4luth. 

NATURE  produces  but  a  Very  fmall  quantffjf 
of  native  alum ;  and  this  is  mixed  with  be* 
tcrogeneous  matters,  or  efflorefces  in  various 
forms  upon  ores  during  calcination  ;  bdt  rardf 
occurs  cryftallized.  In  this  latter  ftatc  it  is  .^^ 
ported  to  be  found  in  Egypt,  Sardinia,  SpnOf 
Bohemia,  and  other  places;  I  have  fontedmes 
feen  it  generated  in  the  aluminous  fchift  of  Lap- 
land and  Weft  Gothland,  by  a  fpontaricoos  d^ 
compofition  of  the  ore ;  befides,  it  is  found  & 
folvedi  in  the  aerial  waters :  it  is  found,  but  verf 
rarely,  in  fountains/ and  in  hot  medicated  waters* 
•^After  having  confidered  the  various  ufcs  of  thtf 
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lalt,  we  ihall  examine  at  what  time  it  firft  began 
to  be  artificially  prepared* 

In  the  dij^nlatories,  alum  enters  many  prepa- 
rations, liquors,  collyria,  gargles,*  plaifters,  bo« 
lufes,  pills,  powdersi  and  others :  by  its  mild  aci- 
dity tt  coagulates  milk ;  and  it,  beildes,  poflefles 
a  remarkable  aftringent-powen 

In  the  arts  alfo,  and  the  ceconomy  of  private 
life,  the  ufe  of  this  fait  is  very  frequent ;  it  is  add- 
ed to  tallow  to  make  candles  hard^  The  printers 
cufhions  are  rubbed  with  burnt  alum  that  the  ink 
aiay  Aifk  i  atid  for  the  fame  reafon  the  inftru- 
mcnts  u&d  for  printing  lined.  Wood  fufficiently 
fiaaked  in  alum  does  not  eafily  take  fire :  the  fame 
Is  true  of  piiper  impregnated  with  it ;  which,  for 
that  reafon,  is  very  proper  to  keep  gun-powder, 
as  it  alio  excludes  the  moifture  of  the  ait.  Paper 
impregnated  with  alum  is  ufeful  m  whitening  filver 
imd  filvering  brals  without  heat ;  it  is  ufeful,  add- 
ed to  milk,  which  does  not  eafily  feparate  its  but« 
Cer ;  in  the  congluunating  of  feveral  fubftances ; 
ia  making  the  pyrophorus ;  in  tanning }  and  ma- 
bj  other  manu&dures. 

In  the  art  of  dying  it  is  particularly  uleful,  in 
the  preparation  of  the  matters  to  be  dyed ;  for  by 
i^ieaniing  and  opening  the  ports  upon  the  furface 
kfz  gentle  corrolion,  it  both  renders  the  fubftance 
ft  for  receiving  the  colouring  particles  (by  which 
die  alum  is  generally  dccompofed)  and  at  the  lame 
^e  loaKes  the  colour  fixed. 

Y  a  It 
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It  conftitutes  the  bafis  of  crayons^  which  gene* 
rally  confid  of  the  earth  of  alum,  finely  powdcre4 
and  tinged  for  the  purpofe.  This  it  is  which,  ia 
the  preparation  of  Pruflian  blue^  prevents  the  bafii 
of  the  martial  Vitriol,  which  is  foluble  in  adds» 
from  being  precipitated  by  the  fuperfluous  alkafi ; 
that  is,  the  alkali  not  faturated  with  the  colourinf 
matter.  As  this  bafis  adheres  more  ftrongly  to  the 
vitriolic  acid  than  the  clay  does ;  and  as,  by  the 
mixture  of  its  yellownefs,  it  would  form  a  greai» 
the  very  white  earth  of  alum  alfo,  according  to  its 
quantity,  dilutes  the  darker  colours,  CTcnbhck 
itfelf,  and  produces  infinite  degrees  of  imenfity. 
It  is  unneccffary  to  fay  more  of  its  ufefiil  qualities. 

5  II.      Brief  Hijiory  of  the  Preparation  (f 

The  frrvTrrnfKt  of  the  Greek,  and  the  alwnend 
the  Romans,  was  a  native  fubftance,  and  difiefoi 
much  from  the  fait  which  now  goes  by  tkofc 
names.  The  varieties  of  alum  mentioned  by  Dio- 
fcoridcs  refer  to  ftalaftites,  which  coAtained  fciy 
little,  if  any,  alum ;  and  that  completely  cnfdo- 
pcd  by  a  vitriolic  matter.  The  defcriptions  of  Pl»* 
hy  are  (till  marc  difficult  to  be  underftood,  ai  b^ 
had  not  feen  the  fubftances,  the  defcriptioD  of 
which  he  undertakes,  but  merely  tranfcribcdfiM 
the  writings  of  others. 

The  faditious  fait,  which  is  now  called  akA 

vai 
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was  firft  difcovered  in  the  eaftern  countries ;  but 
when,  where,  and  by  what  means,  is  unknown. 
On  account  of  its  fimilarity  in  aftringency,  and  its 
ufc  in  the  arts  of  tanning  and  dying,  the  new  fait 
has  retained  the  old  name,  which  was  afterwards 
called  mify.  fory.  calcanthum,  or  fhoe- maker's 
black. 

Among  the  moft  early  works  eftabliflied  for  the 
preparation  of  alum,  we  may  juftly  number  that 
of  Roccho,  a  city  of  Syria,  now  called  Edefla ; — 
hence  the  appellation  of  Roch  alum,  a  name  which 
is  generally  fo  ill  underftood,  that  many  to  this 
day  imagine  that  it  is  the  fame  as  rock-alum.  In 
the  neighbourhood  of  Conftantinople  there  were 
many  alum-works,  as  alfo  at  Phocaea  Nova,  now 
called  Foya  Nova,  not  far  diftant  from  Smyrna. 
The  Italians  hired  and  made  ufe  of  many  of  thefc ; 
but  about  the  middle  of  the  15th  century,  they 
introduced  the  art  into  their  own  country,  and 
that  with  the  greater  earneftnefs,  as  the  ufe  of  the 
fait  became  more  frequent,  and  occafioned  the 
drawing  large  fums  of  money  out  of  the  country. 

Bartholomew  Perdix,  or  Perhix,  a  merchant  of 
Genoa,  who  had  often  been  at  Rocha,  difcovered 
the  matrix  of  alum  in  the  ifland  of  Ifchia,  about 
the  year  1459,  ^^^  eftabliflied  a  manufaftory 
there ;  at  the  fame  time  John  de  Caftro,  who  had 
Yifitcd  the  manufadories  at  Conftantinople,  difco- 
vered a  matrix  at  Tolfa,  by  means  of  the  ilex  a- 
quifolium,  which  he  bad  alto  obfcrved  to  graw  'm 
Y  3  the 


342     OF  THE  PREPARATIOK  OF  ALim. 

the  adjacent  mountains  of  Turkey ;  and  his  opi? 
nion  was  confirmed  by  the  tafte  of  the  (tones. 
The  attempts  made  by  the  Genoefe  at  Viterbium 
and  at  Volaterte,  fucceeded  extremely  well :  the 
preparation  of  it  in  Italy  foon  increafed  wonderful- 
ly fad ;  and  the  induftry  of  the  natives  was  much 
(limulated  by  an  cdiQt  of  Pope  Fms  IL  prohibiting 
the  ufe  of  oriental  alum,  and  appropriating  the 
revenue  arifmg  from  that  made  in  Italy  to  cairj- 
ing  on  the  war  againft  the  Turk^. 

But  the  art  was  not  confined  to  Italy :  in  die 
1 6th  century  a  manufactory  was  eftabliihed  at 
Alcmaron  in  Spain,  in  the  neigbt)ourhood  of  Car? 
(hagena,  which  (till  fubiifts. 

There  were  iriany  manufactories  in  Germany  m 
1544,  pf  which  that  at  Schwemfel  in  Mifiiiaftil 
remains.  Long  fine?,  in  the  time  of  Agricob, 
^um  was  boiled  at  Commotau  iq  Bohemia. 

The  firfl:  manuf^^ory  in  England  was  cfbbiiih* 
ed  in  the  reign  of  Elizabeth,  at  Gilborougb,  bf 
one  Thomas  Chaloner. 

1  he  art  of  preparing  alqm  ms^de  its  way  into 
Sweden  very  late ;  and  although  we  have  now  lU) 
lefs  than  feven  manufactories,  not  one  of  them  was 
founded  before  the  1 7th  century. 

The  moft  ancient,  cftabliftied  in  Scania  at  An- 
drarus  in  1637,  had  twenty-two  fingle,  or  twdfC 
double  boilers.  (We  fhall  fee  hereafter  what  if 
meant  by  double  and  fmgle  l>oilers).  In  tUs  place 
^he  Itratum  of  aluminous  fichiit  is  yery  deep,  be- 
ing 
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ing  upwards  of  360  feet ;  but  all  the  boilers  are 
not  ufed  every  year.  In  the  year  1765,  2,735 
ton  of  alum  were  manuiadured ;  in  1766,  3y^99i 
in  1767,  2,423;  and  in  1768,  1^27.— ^A  ton  of 
^um  weighs  344  lb. 

At  Lofver,  near  Calm^ria,  in  Smoland,  another 
inanufadory  was  built  in  the  year  172 1;  there 
were  employed  in  this9  befides  one  boiler  for  pu- 
rification, only  four  double  boilers,  although  the 
patent  allowed  five;  much  inconvenience  being 
pccafioned  by  bringing  the  mineral  from  Ocland, 
and  by  the  fcarcity  of  wood.  In  1 765,  there  were 
made  1,020  ton;  in  17669  926;  and  in  17671 
800 ;— <he  average  for  ten  years  was  1,000  ton. 

In  Weft  Gothland  there  are  four  ;  the  firft  a( 
Mulltorp,  near  the  town  of  Schasfde ;  this  has  on« 
ly  two  fingie  boilers,  and  the  ore  is  in  the  neigh- 
bourhood. In  1765  there  were  made  90  ton;^ 
in  1766  no  more  than  71. 

At  about  half  a  mile's  diftance  from  Oltorp,  in 
the  diftria  of  Dimbo,  a  patent  was  granted  in 
1726,  for  three  fingle  boilers  j  in  1765  were  made 
157  ton;  in  1766,  300. 

A  third  at  Kafvelas  obtsuned,  in  1 748,  a  patent 
for  two  fingle  boilers;  to  which,  in  1765,  were 
added  two  more  ;-7-the  ore  is  diftant  a  quarter  of 
a  mile.  This  produced,  in  1765,  3^2  ton;  an4 
in  1766,  293. 

A  fourth  at  Hxniaeter  in  KinckuUc,  obtained  a 
T4  ^igh^ 
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right  of  two  fingle  boilers  in  1766 ;-— the  ore  k 
foii^nd  in  the  neighbourhood. 

Ihe  greateft  manufadlory  was  eftabliihra  at 
Garphyttan,*  in  Nericia,  in  the  year  1766,  with  a 
privilege  of-  ten  fingle  boilers,  which  was  increa- 
fed  to  thirty  in  1769.  Here,  while  the  matrix  is 
burned «  the  boiling  is  performed  by  means  of  a 
peculiar  conftruftion  of  the  furnaces }  and  whe- 
ther we  confider  this  mannfaSory  with  rcfpefi  to 
the  greatnePs  of  the  works,  the  convenience  q£ 
the  apparatus,  or  the  goodnefs  of  the  alum  (which 
*  even  excels  the  Roman),  we  muft  acknowledge  that 
it  is  beyond  comparifon  fupcrior  to  them  all. 

The  diftria  of  Ljung,  in  Oftro  Gothland,  has 
had  for  many  years  a  privilege  of  boiling  alum; 
but  the  work  has  not  yet  been  fet  on  foot* 

Every  thirtieth  ton  goes  to  the  royal  revenue. 

A  (ingle  boiler  is  5I  feet  in  breadth,  11  it 
length,  and  in  depth  at  the  front  3,  at  the  rear 
^i,  and  contains  1,663  kannes,  and  6  quadrants. 
The  double  boiler  is  of  the  fame  depth  and  length, 
but  is  ten  feet  broad,  and  contains  39025  kannes. 

§  HI,     Proximate  Principles  of  Pure  Alwn. 

(a)  Alum  is  an  imperfeft  middle  fait,  confiA- 
ing  of  vitriolic  acid  and  pure  clay  ;  it  takes  up  a 
f onfiderablc  quantity  of  water  in  cryftallization } 
and,  if  the  proccft  be  not  interrupted,  yields  oc- 

taedra! 
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taedral  cryftals,  which  are  tranfparent  and  colour* 
Ids  as  water. 

(b)  The  acid  is  a  little  fuperabundant,  fo  as  to 
redden  the  tindure,  and  even  the  paper  of  turn* 
(ble.  lliis  excefs  of  the  acid  is  eflfential ;  for,  up- 
on takmg  it  away,  all  the  tade,  all  the  folubility, 
and  all  the  original  properties  of  the  (alt,  are 
loft  (a). 

The  proportion  of  the  principles  is  afcertained 
in  the  following  manner : — the  water  is  expelled 
by  a  gentle  heat ;  the  remaining  mafs  grows  opake, 

(4) .  M*  Morveau  will  not  admit  a  fuperabundance  of 
;icid  in  alum :  he  thinks  it  would  be  necefTarily  feparated 
bj  edulcoration  and  cryftallization,  when  it  is  rfo  longer 
beld  bj  its  affinity  with  the  earthy  bafe,  or  the  fait  itfelf, 
when  it  is  formed.  He  thinks,  that  the  change  of  blue 
vegetmble  juices  to  red  is  not  an  unequivocal  proof  of  the 
prefencc  of  an  uncoipbined  acid,  an  qpinion  which  Mr 
Klirwan  has  alfo  adopted.  In  the  prcfcnt  cafe  i^  (hould 
be  remembered,  that  we  have  certain  proqf  that  a  portion 
of  vitriolic  acid  adheres  to  the  clay  lefs  tenacioufly  than 
the  remainder.  If  a  piece  of  iron  be  put  into  a  folution 
of  this  earthy  (alt,  it  will  attradk  this  portion  of  acid,  and 
ihc  vitriolated  clay  will  fall  down  infoluble.  Now  we 
may  prefume,  that  this  loofely  adhering  acid  produces  the 
change  on  blue  vegetable  juices ; — the  fame  thing  is  true 
of  phofphorated,  calcareous  earth.  A  folution  of  this  (alt 
wiU  yield  the  fuperabundant  acid  to  a  bafe  which  attract 
it  with  far  lc|s  power,  and  then  the  middle  fait  will  be 
precipitated  infoluble;  fo  that,  {n  both  thefe  cafes,  a 
quantity  of  acjd  above  that  which  is  required  to  attain  the 
precife  point  of  faturationi  is  neceifary  to  folution  and 
OTftallizatxon.    li. 

f;vc!l5. 
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fwells,  foams,  and  at  length  remains  quiet,  fpon- 
gy,  and  friable.  The  quantity  of  earthy  bafis  may 
be  determined  by  precipitation  with  fixed  or  vola- 
tile  alkali.     In  this  way,  loo  parts  of  cry(lallize4 
alum  are  found  to  contain  38  of  vitriolic  acid^  18 
of  clay,  and  44  of  water :  let  it  be  obferved,  how- 
ever, that  the  earthy  precipitate  is  not  totally  de- 
prived of  its  acid ;  for  when  the  alkali  is  added, 
the  fuperabundant  acid  is  firft  taken  up,  and  thu| 
a  great  part  precipitates,  its  acid  being  diuuniflied, 
but  not  quite  abftraded ;  and  hence  the  precipi- 
tate, by  the  afliftance  of  fire,  partly  decompcics 
feveral  falts ;  and  long  continued  digeftion  in  ^ 
alkaline  lixivium,  is  neceffary  to  feparate  all  the 
acid. 

(c)  Chymifts  have  differed  in  opinion  conceni- 
ing  the  nature  and  proper  name  of  the  earth  of 
alum.  Mcffrs  Geoffroy  and  Hellot  firft  cxtraded 
it  from  common  clay ;  Dr  Pott  did  the  fame,  but 
feems  to  confider  it  rather  as  a  produdion  than  a 
reparation  :  at  length  the  celebrated  Margraaf,  by 
experiments  which  deferve  well  to  be  attended  to, 
demondrated  that  all  clay  upon  the  furface  of  tbe 
earth  confided  invariably  of  two  principles  mecba- 
nically  mixed,  one  of  which  forms  the  genuine 
earth  of  alum,  which  is  perfedly  different  from 
calcareous,  gypfeous,  or  metallic  earthsy  and  from 
magnefia.  I  am  not  certain  whether  this  may  be 
derived  from  the  calcareous  earth :  to  determine 
this  point  I  have  made  a  great  number  of  experi- 
ment: 
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ments  of  different  forts,  but  have  not  thence  been 
able  even  to  form  a  conjefture.  Vague  fimilitudes 
in  certain  properties  are  never  fufEcicnt  to  deter- 
mine a  pcrfon  who  cameftly.  feeks  for  truth,  and 
is  not  (hackled  by  hypothefis, — Since  then  the 
earth  of  alum  is  found  to  poffcfs  different  proper- 
ties from  other  earths,  it  ought  to  be  didinguiQi* 
cd  from  them ;  and,  fuppofing  it  in  reality  deri- 
ved from  the  calcareous  or  any  other  known  earth, 
yet  it  requires  the  addition  or  ab(lra£lion  of  fome 
other  principle ;  for  the  bare  change  of  magni- 
tude or  figure  in  the  particles  will  never  account 
for  fo  great  a  difference ;  and  therefore  the  primi- 
five  and  derivative  earths  (fuppofmg  them  to  be 
fo)  mud  be  confidered  as  diftind  and  fcparate. 

Belides,  as  an  equal  quantity  of  the  ^arth  of 
alum  may  be  extra&ed  from  a  given  common 
clay,  by  means  of  different  acids,  it  mud  be  only 
mixed  with  thefe  clays ;  for  if  it  was  generated  by 
the  mendrua  during  the  operation,  it  would  no 
doubt  vary  both  in  quantity  and  quality,  accord- 
ing to  the  differences  of  the  mendrua :  but  the 
mod  accurate  experiments  prove  the  contrary, 
as  they  always  procure  the  earth  of  alum  the  (ame 
in  quantity  and  quality,  and  the  very  fame  red- 
4uum ;  and  fynthefis,  in  this  cafe,  produces  full 
convidion :  for  if  the  earth  of  alum,  and  a  due 
proportion  of  filiceous  earth  finely  powdered,  be 
;u}dcd  together,  they  regenerate  common  clay. 

It 
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It  may  be  aiked,  why  the  bafe  of  alum  is  con« 
fidered  as  a  pure  clay  ? — The  anfwcr  is.  That 
earth  which  is  called  clay  is  chiefly  diftinguiflied 
by  its  tenacious  and  plafliic  quality  when  moiften- 
cd,  by  its  cracking  when  dried,  and  finally  by  its 
acquiring  a  flinty  hardnefs  in  the  fire.  Now,  as 
thefe  fpeciBc  properties  do  not  depend  upon  the 
filiceous  particles,  (which  are  not  capable  of  be- 
ing  either  foftened  or  hardened),  but  folely  upoa 
the  earth  of  alum,  it  appears  mod  evident,  that 
the  filiceous  particles  might  be  abfent,  and  thear« 
gillaceous  nature  remain ;  and  that  therefore  the 
refiduum  is  that  which  confliitutes  the  argiUaceous 
nature.  Pure  clay,  it  is  true,  may  occur  in  the 
bowels  of  the  earth,  but  very  rarely  free  firom  aH 
filiceous  particles ;  and  the  variety  in  the  propor- 
*  tion  of  this  latter  ihew  plainly,  that  its  prefence 
is  only  accidental :  for  the  pure  clay  is  very  fub- 
tilely  divided,  and  very  readily  mixes  with  and  ad- 
heres to  heterogeneous  matters,  as  will  readily 
appear  upon  examination  ;  yet  it  is  remarkable 
for  the  intenfity  of  its  properties.  Thus  common 
clay  often  contains  f,  or  even  -J  and  upwards,  of 
filiceous  matter ;  yet  the  fmall  portion  of  pure 
clay  which  is  prefent  is  able  to  imprefs  its  own 
charafter,  and  communicate  its  own  c[ualities,  to 
the  whole  mafs,  fo  completely  that  no  one  can 
4oubt  of  its  argillaceous  nature.  By  common 
Gonfcnt,  that  earth  which,  by  mechanical  wafhisgf 
Yfithout  the  addition  of  an  acid,  depofits  upwards 

of 
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•FTolb.  in  100  ot  fijiccous  matter,  is  (failed  clay. 
Now,  it  is  evident  that  this  foreign  fubftance^  by 
the  largenefs  of  its  quantity,  muft  temper  the  qua* 
lities  of  the  pure  clay.  The  argillaceous  earth 
contrads  by  heat  very  much,  even  to  half  its 
bulk :  hence,  if  it  be  ufed  for  cieling  or  plaifter* 
ing,  it  neceflarily  cfacks,  and  feparates  from  the 
walls,  when  a  fufEAent  degree  of  heat  takes  place  ; 
nor  can  it  adhere  to  them,  unlefe  when  fiifed,  an 
operation  which  pure  clay  cannot  be  made  to  un- 
dergo, even  in  the  focus  of  a  concave  mirror ;  but 
the  addition  of  filiceous  earth  reftrains  the  propen* 
fity  to  contraction  in  the  whole  mals,  fo  that  it  re- 
mains of  due  dimenfion ;  and  this  property  is  well 
known  to  builders,  who  conftantly  avail  them- 
ielves  of  it  (^).  He  who  attempts  to  make  well 
depurated  earth  of  alum  fufible,  by  mixing  it  with 

(5)  **  Clay  fo  much  burned  a«  to  iirike  fire  produces  the 
lame  cSc€t  as  flint  $  which  proves,  either  that  flint  fervca 
like  any  other  matter  not  capable  of  contrad^iug,  or  tHat 
hy  burning  clay  approaches  the  nature  of  flint :  it  certainly 
undergoes  a  confiderable  change  in  the  fire,  as  it  lofes  the 
pn>perty  of  being  difiufible  in  water.  Such  fa^,  known' 
only  by  means  of  manufadures,  afford  very  little  infigbt 
into  nature,  till  chymiftry  has  examined  them  carefully.'* 
Morveau. — That  clay  does  not  change  its  nature  by  being 
burned,  appears  eridently  from  an  experiment  with  which 
M.  de  Morveau  was  feemingly  unacquainted  : — if  hardened 
clay,  fudi  as  cannot  be  treated  with  water,  be  diflblved  in 
vitriolic  acid,  and  then  precipitated,  it  regains  its  former 
properties,  and  may  be  diluted  by  water.     B. 

common 
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common  day,  either  confounds   the  clays  with 
others,    containing    not    a  particle  of  clay,    or 
has  never  made  the  experiment.— Fhe  fame  ii 
true  of  other  pretended  qualities  : — alum  fwcUs, 
pure  clay  does  not — the  earth  of  alum^  deprived 
of  all  its  acid,  and  the  precipitating  alkali  adhe* 
ling  to  it^    does  not  fufe  with  calcareous  eartbf 
without  the  addition  of  a  flinty  matter,  as  the  cele« 
brated  Macquer  has  (hown  i  but  we  muft  take  can 
that  the  calcareous  earth  contains  no  flinty  mattcri 
which  fometimes  happens ;  for  in  this  cafe  the  cx^ 
periment  will  fail,  becaufe  the  fmalieft  particle  of 
flint  communicates  a  degree  of  fiifibility  to  tbi 
two  ingredients. 

(d)  loo  parts  of  cryftallized  aluin  requires,  ifl 
a  mean  heat,  1,412  of  diftiUed  water  to  diflfolve 
them,  but  of  boiling  water  only  75;  fo  that  a 
kanne  of  water,  in  a  moderate  heat,  takes  up 
2,99a  grains  of  alum,  and  by  a  boiling  heat 
56,333*-^This  folution  has  a  fweetifli  aftringent 
tafte. 

The  fpecific  gravity  of  alum^  computed  fironl 
the  increafe  of  bulk^  or  of  diflilled  water  into  which 
it  is  put,  is  2,071,  if  the  air-bubbles  produced 
during  the  folution  be  removed ;  but  if  they  ard 
taken  into  the  computation,  1,757.  This  air  is 
not  taken  away  by  the  air-pump ;  but  if  heat  be 
applied  during  the  folution,  it  flies  off,  and  upon 
examination  is  found  to  contain  nothing  but  aerial 

acid. 

Sir. 
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§  ir*    Aluminous  Ores. 

The  ores  from  which  alum  is  artificially  prepa« 
t'ed  arc  of  two  kinds ;  the  one  contsdns  the  alum 
already  formed,  the  other  its  proximate  principles^ 
vrfaich  unite  on  roitfting.  Thefe  muft  be  conii- 
dered  feparately  ;'^and  we  (hall  firft  examine  the 
bitter  fpecies,  ^as  being  beft  known,  and  moft  fre- 
quently met  with. 

(a)  The  aluminous  fchift  is  nothing  more  than 
an  argtlhceous  fchift  impregnated  with  a  dried  pe« 
troleum,  and  thereby  rendered  black.  The  oil  b 
mfily  textraded  by  dlftillation  2  if,  by  means  of 
menlfarua,  w^  smalyfe  it  entirely,  many  ingre* 
dientff  appear;  namely,  an  argillaceous  martial 
fubftahce,  often  amounting  to  4;  &  filiceous, 
forming  4 ;  and  generally  dfo  a  fmall  portion  of 
takarcoiis  earth  and  magnefia ;  the  reft  is  all  py« 
ritousi 

During  the  roaftingj  the  bituminous  part  is  ex- 
pelled, aild  the  pyritous  decompofed ;  fo  that  a 
pdixt  of  the  acid  adheres  to  the  iron,  and  the  reft 
to  the  pul'e  clay :  hence  are  produced  at  once 
alum  and  green  vitriol ;  and  if  there  be  prefent. 
any  calcareous  earth,  or  magnefia,  they  are  vi- 
triolated.        v 

Nothing  ialme  is  extrafted  by  water  from  the 
fchift  before  the  roafting,  though  it  be  well  pow» 
dcrcd )  nor  can  the  taftc  difeovcr  any  veftiges  of 
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a  faline  matter :  hence  alfo  it  appears  to  be  gene- 
rated during  the  operation  ;  and  for  that  purpofe 
nothing  fecms  to  be  neceffary  but  the  prefence  of 
a  pyrites ;  this  fometimes  (hews  viflble  nuclei  of 
(Afferent  fizes,  but  is  generally  difperfed  through, 
the  whole  mafs,  in  the  form  of  very  minute  par* 
ticles  :  the  goodnefs,  therefore,  of  the  ore,  is  to 
be  eftimated  by  the  fuitable  quantity  and  equal, 
diftribution  of  the  pyrites. 

That  which  contains  the  pyrites  fo  copbufly 
that  it  is  viflble,  is  rejeded,  there  being  too  mudi 
iron  in  it — in  the  mean  time,  the  mod  denfe  and 
ponderous  is  mod  efteemed ;  the  weight  manifeft* 
]y  difcovering  a  pyrites,  without  which  no  alum  il. 
obtained.  In  this  point  there  generally  occurs  i 
confiderable  difference,  which  arifes,  doubdds,. 
from  the  unequal  diftribution  of  the  pyrites: 
hence  a  ftratum  adjoining  to  one  of  the  beft  kindf 
is  often  of  little  or  no  value.  The  ore  which  pro* 
duces  lefs  than  4  lb.  in  100  does  not,  with  us,  pay 
the  expcnce  of  the  procefs. 

Sometimes  this  ore  produces  falts  without  the 
application  of  lire ;  but  we  muft  obferve,  that  in 
this  cafe  it  is  never  found,  but  has  undergone  more 
or  lefs  of  a  fpontaneous  calcination. 

A  fmall  piece  expofcd  to  fire  upon  a  coal  with  a 
blow-pipe,  often  decrepitates  ;  but  when  once 
made  thoroughly  hot,  it  fmokes,  with  a  bituminous 
fmell,  and  eafily  melts  : — ^with  mineral  alkali  it  ef- 
fervefces  violently,  and  is  divided,  but  not  entire* 
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ly  diflfolved :  it  U  taken  up  (though  flowly)  by  the 
microcbfmic  lalt ;  but  more  quickly  by  borax : 
thefe  phsenomena  are  eafily  explained  from  its  com- 
{xyfidofi. 

This  ore  is  fometimes  found  naturally  divided, 
and  heaped  together,  under  the  forms  of  grains, 
or  of  coarfe  powder ;  but  it  agrees  with  the  former 
in  nature  and  properties. 

(b)  The  other  fpecies  of  ore,  which  not  only  con- 
tains the  proximate  principles,  but  contains  them 
tinited,  is  only  found  in  volcanic  countries ;  Tuch 
is  that  which  is  employed  at  Tolfa,  near  Cincclles, 
fer  boiling  that  fpecies  of  alum  which  is  c^lcd  Iio- 
man  alum ;— it  is  probable  that  this  had  been  long 
hardened  by  the  fubterraneous  fire,  and  penetrated 
and  whitened  by  the  vapour  of  the  phlogifticated 
Titriolic  acid  (cr) :  a  ftony  mafs,  with  veins  of 
quartz,  and  extremely  hard,  is  alfo  found  in  that 
country ;  that  which  is  void  of  flavour  very  rarely 
produces  alum  upon  elixation. 

It  fometimes,  though  rarely,  contains  calca« 
reous  particles.  I  have  feveral  pieces,  weighing 
in  the  whole  at  lead  half  a  pounds  in  which  there 
J8  not  the  flighteft  trace  of  any  thing  calcareous ; 
—upon  burning,  it  does  not  exhibit  the  Icaft  re- 
femblance  to  lime;  for  it  neither  generates  heat 
with  water,  nor  falls  into  a  powder,   but  only 

(r)  De  Produ&io  Igois  fubterrancL 
Vol.  I.  Z  crack? 


354    OF  THE  PREPARATION  OF  ALUM. 

cracks  fo  much  as  to  aiUft  the  efflorcfcence  and  e* 
Uxation. 

When  examined  by  the  blow-pipe,  it  does  not 

flow  of  itfelf ;    with  the  mineral  alkali,  at  firft  it 

ihews  a  momentary  efiervefcence,  but  is  not  di^ 

ded,  much  lefs  diflblved ;  vdth  borax  and  nucrocof^ 

mic  fait,  it  •(;fiervcfces,  and  is  at  length  all  takea 

up,  exadly  in  the  fame  manner  as  burned  aluOt 

Thefe  phenomena  abundantly  (hew,  that  the  ahn 

is  ready  formed,  but  inveloped  in  a  large  qaaa* 

tity  of  clay.      This  mineral,  therefore,   rednced 

to  a  fubtile  powder,  and  treated  in  the  nfual  vaj 

with  vitriolic  acid,   is  almoft  all  converted  intt 

alum,  which  could  not  be  the  cafe  with  caka- 

reous  earth. — I  found  that  the  fmall  portion  vhkk 

remains  is  more  frequently  filiceous  than  gjp- 

fcous  (d). 

At  Solfatara,  near  Naples,  tlie  old  lava  is  at 
pr^fent  whitened  by  the  phlogidicated  vitriolka- 
cid,  the  clay  is  changed  into  alum,  the  malk  cflk- 
refces,  and  is  refolved  into  a  white  earth,  from 
which  a  faline  matter  is  extraded  by  water.  I 
examined  i  oo  of  the  wliite  earth,  and  found  in  k 


{J)  **  According  to  Mr  Monnct»  it  docs  not 
alum  perfedly  formed  ;  but  i^  a  combination  of  ncarlj  ^ 
qua!  parts  of  clay  and  fulphur,  which  is  reduced  to  alua 
during  calcination,  by  expofurc  to  air.  He  likewifc  found 
a  little  martial  earth,  to  which  he  afcribes  the  reddifh  co- 
lour of  the  alum,  and  a  little  vegetable  alkali."  (J^anul 
Ph^fiquif  Supplement^  /.  338.).     Morvcau* 

8  lb. 
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S  lb.  of  pcrfcGt  alum,  bciides  4  of  pure  clay,  and 
the  refidue  was  filiceous :  but  this  proportion  muft 
be  variable,  Is  rain  diflfolves  and  carries  off  the 
fait ;  fo  that  the  proportion  of  filiceous  matter  con- 
dnually  eucreafes,  and  perhaps  in  fome  parts  the 
alum  is  entirely  wafhed  away. 

(c)  There  are  found  alfo  other  varieties  of  alu- 
minous ores.  In  Haifia  and  Bohemia,  this  fait  is 
obtained  from  wood  impregnated  with  bitumen* 
^t  Helfingborg,  in  Scania,  a  turf  is  found,  con* 
filling  of  the  roots  of  vegetables,  mixed  with  nuts, 
ftraw,  and  leaves,  often  covered  with  a  thin  py- 
litotts  cuticle,  which,  when  elixated,  yields  alum ; 
nay,  the  fulphureous  pyrites  is  generally  mixed 
with  an  argillaceous  matter,  which  may  be  fepa- 
lated  by  menflrua*  To  that  at  Dylta,  in  Nericia, 
when  fulphur  is  firfl  obtained  by  diflillation  from 
die  pyrites,  and  afterwards  from  the  reiiduum  ex- 
pofed  to  the  air,  till  it  efflorcfces,  a  green  vitriol 
is  elixated ;  at  length,  from  the  magiftral  lixi- 
vium alum  may  be  obtained  :  for  the  vitriol  being 
icparated  by  cryflaliia^tion,  there  remains  alum, 
together  with  vitriol  fo  much  dephlogifticated,  that 
It  cannot  concrete;  the  bafe  of  this,  therefore, 
was  feparated  by  the  alkaline  lixivium ;  and  the 
ibludon,  properly  evaporated^  yielded  alum. 


§v. 
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§  V.  The  Preparation  of^bim  includes  a  Nam* 
ber  of  Operations. 

After  the  foregoing  obfenrations,  wc  fliall  bei 
able  the  more  eafily  to  underftand  the  diflereot 
circumftances  neceiTary  for  the  preparation  of 
alum.  The  mechanical  parts  of  the  proCefs  I  pifi 
over,  as  not  immediately  belonging  to  our  fob* 
]tQ..  The  firfl  chymical  Operation  which  ocean 
is  one  of  the  chief;  namely,  the  preparation  by 
which  the  matrix  is  either  made  aluminous,  ortf 
lead  fit  for  elixation  :  the  next  is,  the  eztraflioa 
of  the  alum  by  water,  then  the  cryftallization,  and 
finally  the  depuration ;  unlefs  all  the  operations  be 
performed  both  with  (kill  and  accuracy,  the  ihn 
obtained  will  be  deficient  either  in  quantity  or  qoi- 
lity :  we  (hall  therefore  examine  them  all  fepanie* 
ly,  and,  by  diving  as  far  as  pof&ble  into  the  natoft 
of  them,  difcover  the  circumflances  neccflary  tobt 
attended  to. 

§  VI,     The  Calcination  and  Roafting  cf  tin 
Ore. 

The  bituminous  ore,  in  its  found  and  naturd 
flate,  contains  indeed  the  vitriolic  acid,  and  die 
argill.iceous  matter,  but  not  yet  combmcd  In 
order  that  the  pyrites  may  yield  its  acid  for  dat 
end,  it  is  necclTary  that  it  (liould  be  dcftroycdi 

ami 
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and  tlu8  may  be  effeded,  either  by  a  flow  fponta* 
neous  calcination,  or  by  roafting }  which  lad  re- 
quires lefs  time. 

(.4)  The  deftni&ion  of  the  pyrites  its  neceflary, 
that  its  fulj^ur  may  be  deprived  of  phlogifton ; 
for  when  that  is  diflipated,  the  vitriolic  acid  being 
fet  at  liberty,  attacks  partly  the  iron,  pardy  the 
day :  the  vitriol  generated  is  (b  far  deprived  of  its 
phlogifton  by  age,  that  clay  is  able  to  take  a\^y 
the  menftruum  from  the  iron  (x.  b),  but  pyrites 
iii&rs  no  fuch  change,  fo  long  as  it  remains  dry, 
and  fliut  up  from  the  accels  of  free  air; — the 
conditions  then  neceflary  to  fpontaneous  calcina* 
tion  are  eafiiy  found  to  be  the  folbwing : 

I  ft.  The  ore  ought  to  be  of  a  loofe  texture, 
that  it  may  be  penetrated  by  the  air,  and  the 
mcHfture :  the  Swedifb  ores,  on  account  of  their 
hardnds,  can  fcarcely  be  treated  in  this  way,  un* 
left  they  be  firft  pulverized,  which  occafions  too 
much  trouble :  but  the  earthy  ores  are  not  only 
unfit  for  this  purpofe,  but  for  roafting,  as  they 
cxtinguiih  the  fire. 

idly.  That  there  be  a  determinate  accefs  of 
moifture  and  air,  for  too  much  or  too  litde  is  in< 
jorious ;— too  much  water  deluges  the  mafs,  and 
czdudes  the  air ;  too  litde,  befides  being  infuffi-* 
dent  in  quantity,  z&s  more  flowly;  and  upon 
thefe  circumftances  depends  the  proper  adjuft- 
ment  of  the  fize  of  the  heaps :  a  moderate  accefs 
of  air  is  moft  proper,  as  too  great  a  one  dries  too 

Z  3  faft  ; 
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fail ;  experience  only  can  determine  what  is  fit*» 
ting  upon  different  occafions. 

3dly,  I'he  bottom  on  which  the  ore  is  laid  for 
fpofitaneous  calcination  (hould  be  of  clay,  or  at 
leaft  fo  compad  as  that  water  can  hardly  penetrate 
it,  and  befides  furrounded  with  a  trench  to  re> 
ceive  the  rain- water ,  when  fuperabundant ;  the 
fides  and  bottom  of  this  trench  muft  be  fe  coo- 
ftfuded  that  they  will  not  fuffer  the  elixated  ia- 
linc  matters  to  pafs  off"; — if  the  ore  be  fet  to  cal* 
cine  in  a  houfe,  the  lad  caution  is  unncceffiury. 
As  the  nature  of  the  ores,  and  local  circumfian- 
ces,  are  liable  to  much  variation,  general  miei 
cannot  be  eAablifhed,  but  the  operator  muft  be 
determined  pro  re  natd;  and  in  this,  wboeYcr 
underilands  the  nature  of  the  materiak,  and  of 
the  operation,  will  find  no  difficulty. 

(b)  The  roafting  is  effc^ed  in  a  much  ihortcr 
time,  by  means  of  fire,  lliis  is  generally  pra£ki- 
fed  in  Sweden,  and  is  performed  in  the  followiif 
manner: — fmall  pieces  of  the  black  fchifl  arc 
ftrewed  upon  a  layer  of  burning  flicks,  to  tbe 
thicknefs  of  half  a  foot ;  when  the  flicks  are  con- 
fumed  thefe  are  covered,  nearly  to  the  fame  thid^* 
nefs,  with  pieces  before  burned,  and  four  times 
elixated  :  thus  flrata  are  alternately  laid  of  fuch  a 
thicknefs,  and  at  fuch  intervals  of  time,  that  tbe 
iirc  may  continue,  and  the  whole  mafs  grow  hot 
and  fmoke,  but  not  break  out  into  flame ;  tbe 
iipi  cr  ftrata  may  fpmetime?  be  cncrcafed  to  a 

double 
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'double  thickiieft,  on  account  of  the  long  continu- 
ance of  the  fire  ;-"*when  about  8  ftrata  arc  laid^ 
another  row  is  placed  parallel  and  contiguous  to 
thefirft;  when  this  is  finiflied,  a  third;  and  fb 
on,  until  the  heap  is  of  a  proper  fize— •it  rarely 
confifts  of  more  than   10  rows.     The  ore,  when 
-only  once  roafted,  contains  ftill  fo  much  phlogi- 
fton,  that  water  a&s  but  little  upon  it ;  but  when 
two  or  three  times  cxpofed  to  the  fire,  it  yields 
its  principles  more  fireely  ;-^nay,  the  roafting  may 
be  repeated  to  advantage^  until  the  whole  is  redu* 
ced  to  powder.     The  bitumen  fuftains  the  fire, 
and  it  is  for  this  reafon  that  we  ufe  alternate  lay- 
ers of  the  crude  fchift ;  and  for  the  lame  reafon, 
in  rainy  weather,  the  ftrata  of  unbumed  fchift 
Ihottld*  be  thicker.     An  heap  ao  feet  broad  at 
the  bafe,  2  feet  at  the  t^,  and  confiding  of  26 
tows,  is  finiihed  in  two  or  three  weeks,  but  re- 
quires two  or  three  months  to  be  well  burned, 
and  diree  weeks  to  cool ;— the  greater  pyritous 
nuclei  explode  like  bombs.- 

By  a  moderate  and  fomewhat  finothered  fire, 
the  lulphur  of  the  pyrites  is  flowly  confumed, 
and  the  phlogifticated  acid,  penetrating  the  mafs, 
18  fixed ;  after  which  the  remaining  phlogifton  is 
gradually  diflipated.  llie  chief  artifice  is  modera- 
ting the  heat  fo  as  to  avoid  with  (afety  the  two  ex- 
tremes ;  namely,  left,  on  the  one  hand,  the  ore 
be  either  infufficiently  or  too  flowly  prepared  by  a 
weak  heat  ^  and  on  the  <»ther,  left  either  the  nc- 

Z  4  ceflary 
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ceflary  acid  be  diffipated  by  too  intenle  a  fire^  « 
the  pieces  of  fcbid  melt  and  vitrify.  The  ficoric 
cannot  be  penetrated  by  water,  and  ane  therefoie 
rejected  as  ufclefs ;  thele  are  occafioned  qithcr  by 
violent  winds,  or  a  ftrong  he^it,  too  mucb  dofed ; 
for  holes  mud  be  opened  in  the  red  ftrata^  that 
the  fire  may  reach  to  the  black  ftratum  which  ii 
to  be  laid  on* 

At  Garphyttan  a  new  method  is  employed,  d^ 
pending  upon  a  peculiar  conftrudion  of  the  huv 
naces,  invented  by  the  celebrated  Rinmao.-^ 
There  the  ore  itfelf  is  £;t  on  fire,  and  when  burn- 
ed IS  boiled,  and  yields  alum  ifi  the  lame  manner 
as  when  burned  in  the  ufual  way :  1  have  not  yet 
bad  aq  opportunity  of  comparing  the  laltfi  prodih 
ced  by  theft  two  methods; — it  appears  prpbabk 
that  more  of  the  acid  is  difiipated  by  the  opea 
flame :  however,  ^though  lets  iak  be  obtained 
in  the  la(l  way,  yet,  with  refped  (o  fuel  and  la* 
hour,  there  will  be  a  conlidcrable.  iavuig.-— ftae 
heaps  are  thus  formed  : — firlt  the  ichill,  buroiof 
from  the  furnace,  is  laid  co  the  depth  of  fopr  fiect; 
if  the  fire  be  flow,  wood  is  added }  then  a  thin 
flratum  of  elixated  fchid ;  the  (bird  coofifts  of 
fchifl  not  burned  ;  and  the  fourth  of  elixated 
fchid,  a  foot  and  a  half  thick;  aiter  that  the 
burning  fchifl: ;  and  fo  on  as  before. 

It  niufl  be  confefled,  that  the  conveniencics  in 
this  procefs  are  Ibmcwhat  balanced  by  inconvcni- 
encics ;  for  fo  great  a  quantity  of  Ichiit  is  rcqui- 
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.fite  to  liiftain  the  flame,  that  it  cannot  all  be  dix<» 
atcd :  hence,  fo  long  as  thb  method  is  employed, 
we  have  an  heap,  wUch  can  never  be  ufed,  per« 
petually  accumnlattng. 

In  Ibme  foreign  manufadorics  fire  is  firft  em- 
idoyed,  and  afterwards  spontaneous  caldnation: 
it  is  impoifible  to  determine  generally  which  is  the 
bed  method,  as  that  entirely  depends  upon  the 
nature  of  the  ore,  and  other  circumftances. 

(c)  As  to  the  hard  ores  which  contsun  no  bi- 
tumen (fuch  as  thofe  of  T6l£ai)  thefe  are  burned 
lipon  wood  for  ibme  hours,  like  lime-ftones,  un- 
til by  cracking  they  grow  pervious  to  water,  and 
cfflorelce.  M  foon  as  die  flame  grows  whit^  and 
the  findl  of  phlo^fticated  vitriolic  acid  appears, 
the  fire  is  extinguifbed.  When  the  ore  grows  col(l 
tkofe  particles  which  were  Heareft  to  the  fire  are 
placed  otttermoft,  and  thofe  which  had  been  out* 
crmoft,  widiin;  and  the  fire  is  again  lighted.  It 
is  better  to  bum  too  little  than  too  much,  left  the 
yitriolic  acid  be  expelled :  the  ore  is  fufficiently 
burned  when  it  can  be  broken  by  the  hands.— 
The  ore  is  then  iieaped  up  near  cercain  trenches, 
and  is  watered  about  five  times  a  day,  and  parti- 
cularly when  the  fun  fhines  clear }  a  continued 
nun  and  cloudy  iky  ruin  the  operation.  When 
the  ore  can  be  reduced  to  a  pafte  in  the  hand,  it 
is  fit  for  boiling  (a). 

The 

(a'  The  accoQnts  difier.     Mac^tt  fayt,  that  water  i« 
poured  on   the  burnt  ore   14  ^ay*  \,Scav,  Eirmng.  t.  ▼.) 

Fougeroux, 
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The  powdery  ore  fometimes  requires  no  prepa- 
ration,  yet  at  the  manufadories  of  Puteoti  th^ 
frequently  enrich  k  in  thb  manner :— 4hey  heap 
up  the  larger  pieces,  where  the  vapours  of  phlo> 
gifticated  vitriolic  acid  break  forth,  and  when  wcD 
penetrated  with  this,  they  yield  a  larger  quantigr 
of  alum. 


§  VII.    Elixatidn  dfthe  Ore. 

(a)  The  ore,  enriched  with  alum,  and  made 
pervious  to  water,  is  boiled,  and  that  in  variooi 
ways  at  different  places. — At  Puteoli  it  is  perform- 
ed in  the  mod  commodious  manner :  a  leaden 
cauldron,  buried  in  the  ground,  is  filled  with  the 
ore  (which  is  often  dug  out  to  make  room  for  the 
cauldron)  and  water  being  poured  on,  it  fbon  be- 
comes well  impregnated  with  alum  by  the  heat  of 
the  fun,  which  here  arifes  to  46"*  (A).     At  Td& 
the  calcined  ore  is  thrown  into  the  cauldron,  and 
boiled. 

(b)  In  ours,  and  many  foreign  manufadoricii 
a  cold  elixation  is  performed.  1  fhall  give  fome 
account  of  the  method  which  was  ufed  at  Gar* 

Fougerouxy  whom  I  have  generally  followed,  fajt  40 
(Mem.  Paris^  1766:;  An^crilen,  14,  and  at  raoft  30. 
So  alfo  with  refpe6t  to  the  time  of  burning,  Fcrber  lap 
it  is  3  hours,  Fougeroux  1 3  ;  and  he  mentions  that  it  \\ 
repeated.  Ferber  fpeaks  of  urine  and  chalk  being  addc<J» 
&C.  Perhaps  the  procefs  was  different  at  different  times. 
(^)  Nollet  Mem.  Paris,  1750. 

pbfttan^ 
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-phyttan,  in  the  year  1772:— the  receptacles  dc- 
ftined  for  this  purpofe  were  made  of  hewn  ftonc, 
and  the  joints  clofed  by  fome  ifit  cement  (in  other 
places  they  are  wooden  veffcls);  every  fet  confid- 
ed of  four  fquare  receptacles  difpofed  in  a  fquare, 
round  a  fifth,  which  was  deeper  than  the  reft; 
the  firft  receptacle  is  filled  with  roafted  fchift,  and 
(water  being  poured  on  it)  lies  for  24  hours; 
the  water  is  then  drawn  ofi^  by  a  pipe  into  the 
fifth,  firom  thence  into  the  fecond,  containing 
fchift  not  yet  waihed ;  from  that,  in  like  manner, 
after  24  hours,  through  the  fifth  into  the  third, 
and  fo  into  the  fourth ;  the  lixivium  then  is  con« 
veyed  to  and  let  to  ftand  in  the  fifth ;  and  finally, 
from  thence  is  drawn  off  into  a  veifel  appropriated 
to  its  reception : — thus  the  fchift  is  waihed  with 
freih  water  four  fuccefiive  times. 

In  other  places  (and  originally  at  Garphyttan) 
the  water  firft  paffcs  over  the  fchift  that  has  been 
already  wa(hed  three  times  ft)r  fix  hours,  then 
that  which  lias  been  twice  waihed,  next  what  has 
been  once  waihed,  and  laftly,  the  ore  that  has 
been  juft  roafted.  The  perfons  who  fuperintend 
thefe  manuftidories  think  that  the  alum,  which 
the  water  firft  paffmg  over  the  new  burnt  fchift 
takes  up,  periihes  if  it  be  again  poured  on  that 
prcvioully  elixatcd.—  This  phaenomenon,  it  it  be 
true,  is  worthy  of  attention  ;  but  1  have  not  had 
^n  opportunity  of  examining  it. 

(c)  Care 
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•    (c)  Care  fhould  be  taken  to  &ve  fuel  a$  much 
as  poffible ;  it  is  therefcMre  of  great  moment  to 
have  the  lixivium^  before  boiling,  richly  impreg- 
nated with  alum ;  for  the  more  rich  it  ii  wbm 
poured  into  the  boiler,  thefobner  it  iscryfialfi- 
ised :  it  (hould  not  therefore  be  put  into  die  boil- 
ers until  faturated  when  cold.    This  faturadoa  ii 
negleded  in  fome  f^ces,  where  every  tht^  ic 
tuaniaded  without  deviating  from  the  manner  firft 
ufed ;  in  other  places  the  tafte  is  employed  is  a 
criterion ;  but  thofe  who  examine  more  accwat^ 
ly,  make  ufe  of  a  balance  m  this  manner :— diB 
weight  of  water  which  fills  a  fmall  glafs  bottle  it 
divided  into  64  parts,  each  of  which  is  caHcda 
panning;  and  the  quantity  by  which  the  bat 
bottle,   full  of  lixivium,  exceeds  it  when  filld 
with  water,  is  fuppofed  to  indicate  the  qnantttj 
of  (ak  diflbhrcd :  and  thence  they  form  thdr  judge- 
ment (r). 

This  method,  properly  corre£led,  is  fuffidendf 
accurate. — ^The  divifion  into  parts  is  arbitrarji 
but  the  moft  commodious  divifion  with  refpeft  (P 
the  weights  in  ufe,  and  the  calculation,  ought  to 
be  chofen :  I  fhall  therefore  give  fome  general  fior- 
mulae :— 4et  the  capacity  of  the  bottle  exprefled  ia 
cubic  inches  be  m ;  n  the  number  of  parts  into 
which  it  is  thought  proper  to  divide  it :  let  a  cubie 
inch  of  diflilled  water  weigh  422,5  grains }  then 

(^}  AA,  Stockholm,  I743> 

the 
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the  weight  of  one  panning  wiD  =  422,5  ^ ;  that 
of  the  whole  capacity  filled  with  water  422,5  m  i 
diat  of  alum  of  the  lame  bulk  as  a  panning 
=  874,9  ^ :  when  the  lixivium  which  fills  the 
tioltle  is  =  422,5  m  -t-  422,5  ^,  it  is  thca 
ammediateiy  concluded  that  die  quantity  with 
which  the  water  is  loaded  b  =  422,5  ^ ;  but 
crroneouily,  for  recent  experiments  (hew,  that 
falts  diflblved  always  (d)  incrcafe  in  bulk ;  and  if 
this  be  always  done  in  the  fame  proportion,  and 
the  whole  increment  be  fet  down  aluminous, 
422,5  ^  -h  452,4  ^  =  874,9  S,  will  cxprefs  the 
true  quantity  diflblved*  And  in  general  if  p  de* 
notes  the  number  of  pannings  found  in  the  fcales, 
the  alum  contained  in  the  botde  will  be  874,9  ?> 
and  in  the  kanne  87,490 1. 

But  to  return  to  the  common  pradice : — the 
perfons  who  fuperintend  the  woiks  contend,  that 
the  cold  lixivium  ought  to  be  made  no  richer  than 
nHien  the  fuperpondium  is  equal  45  pannings, 
\irhich,  according  to  our  computation,  (hews  the 
water  to  be  loaded  with  ^  of  its  own  weight. 
They  aflert,  that  if  the  fuperpondium  amounts  to 
6  pannings,  which  is  ^,  the  cryftals  are  depofited. 
Thefe  propofitions  cannot  bold  equally  good  du* 
ring  the  whole  time  that  the  work  is  going  on,  as 

{d)  K.  Wttfoiu    PhiL  Trant  177c. 
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the  temperature  of  the  atmofpherc  varies  muA 
during  that  time.  We  (hewed  before  that  diftillcd 
water,  in  a  moderate  heat,  takes  up  about  ^  of 
its  own  weight,  which,  upon  computation  =  li 
pannings,  therefore  -^  cannot  be  taken  up,  unkft 
in  a  heat  mote  than  moderate.  But  we  muft  ob- 
fervc,  thSit  in  the  bituminous  minerals,  beiides  the 
alum,  there  is  always  vitriol  of  iron,  which  ii 
more  foluble ;  there  is  alfo  Ibmetimes  vitriolatcd 
magnefia  ;  and  befides,  the  more  fubtile  carthj 
particles,  mixed  mechanically  during  the  opera- 
tion, remain  long  fufpended,  unlels  the  lixiTiom 
be  filtered. 

The  water  is  generally  iitipfegnated  by  a  fuffi- 
cient  quantity  of  the  prepared  ore :  it  feems  pro- 
bable that  more  would  be  obtained  by  hot  than 
by  cold  water ;  but  this  is  denied  by  thofe  who 
daily  attend  thcfe  operations  (c)» 

(d)  From  what  has  been  (aid  it  appears  tbat 
the  gradual  operation,  as  it  is  called,  can  hardly 
be  ufed  to  advantage  in  the  alum  works,  as,  of 
all  the  contents  of  the  lixivium,  alum  is  the  moft 
difficult  of  folution. 

Congelation  is  here  of  no  ufe ;  for  water  (atu- 
rated  with  alum  freezes  almoft  as  readily  as  fimple 
water :  and  ail  other  falts  prevent  congelation  more 
than  alum. 

{e)  M.  Monreau  wonders  that  an  aerometer  is  not  em- 
ployed, in  order  to  determine  the  concentration  of  tbe 
ley.     B. 

In 
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In  rainy  weather  the  Itxivium  ought  to  be  well 
icovered ;  but  I  do  not  find  in  any  manufadory 
provifion  made  for  this  accident. 


5  VIII.    Decodian  of  the  Lixivium  to  CryJiaU 
lization. 

Let  us  now  fuppofe  the  firft  fpring  boiling  be- 
^inmng :  the  frefh  lixivium,  of  a  proper  ftrength, 
is  brought  from  the  pits,  through  canals  made  for 
the  purpofc,  to  the  houfe  deftined  for  the  boiling; 
there  it  is  put  into  a  leaden  boiler ;  at  the  back  of 
this  is  placed  a  receptacle,  out  of  which  the  lofs 
fuflained  by  evaporation  is  continually  fupplied; 
fo  that  by  this  artifice  the  furface  of  the  lixivium 
in  the  boiler  neither  rifes  nor  falls,  but  continues 
at  the  fame  height. 

Some  take  the  floating  of  a  newly  laid  egg  as 
a  token  of  boiling  being  finifhed.— The  fpedfic 
gravity  of  fuch  an  egg  is  about  i,o8i ;  but  in  a 
few  days,  efpecially  in  warm  weather,  it  fuSers  a 
confiderable  change: — ^but  fuppofmg  its  fpecific 
gravity  conftant,  yet  a  confiderable  difference  wiU 
occur,  unlcfs  the  magnitude  of  the  part  above  the 
water  be  afcertained. 

Others  drop  a  fmall  quantity  on  a  plate,  and 
obfcrve  whether  it  cryflallizes  on  cooling. 

Finally,  others  weigh  the  lixivium  in  the  bottle 
above  mentioned,  and  confider  the  boiling  finifh- 
ed,  if  the  increment  of  weight  be  equal  to  2# 

pannings; 
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pannings;  that  »  (according  to  oar  oomiiiitt- 
tion)  if  the  water  be  loaded  with  ^  its  owt 
weight.  Now  we  (aw  that  it  could  take  op  above 
f  its  own  weight  (§  ii.)  that  is,  nearly  equal  to 
%y  pannings ;  but  the  lixivium  cannot  be  fo  mudi 
loaded,  as  it  mud  be  depurated  by  (landing  quiet, 
before  any  cryftals  form  (/')• 

The  lixivium,  fufficiendy  concentrated  fay  cva- 
poradon,   flows  through  channels  into  oookx% 

(/)  Nothing  would  be  mord  tdvantMgeoas  for  jndgti^ 
with  precifion  cbncerning  the  degrree  of  bofltng  lAoA 
the  kyt  have  undergoney  than  the  aerometer.  Thii  k* 
ftnimcnt  (hoold  be  made  of  metal,  that  it  might  be  left 
liable  to  be  broken ;  it  (hould  have  fufficient  baOaftt  tbi 
it  might  fink  into  the  liquor,  and  ftand  upright ;  and  after 
having  once  marked  upon  the  ftem  the  degree  at  ivhich  it 
ftands  in  a  ley  fufficieotlj  concentrated,  it  might  be  Ut 
again  with  certainty,  and  the  flighteft  infpedion  would 
be  fuffieient.  I  contrived  fuch  an  one  fix  or  fevea  yean 
ago  for  a  fugar  refinery ;  a  f5rocefii  in  which  the  degnc 
of  boiling  is  (till  more  important,  'this  was  determiaed 
before  by  putting  a  drop  of  the  liquor  upon  the  nail,  and 
drawing  it  out  into  a  filament,  to  expofe  it  more  oooi* 
pletely  to  the  contad  of  the  air  |  infomuch  that  the  m<^ 
ture,  heat,  and  agitation  of  the  atmofphere,  befides  othct 
Accidental  circumftances,  concurred  to  render  this  figa 
very  equivocal.  The  conductor  of  the  work  aflured  me, 
that  this  inftrument  had  been  very  ufeful  to  him ;  and  I 
know  that  it  was  afterwards  introduced  into  other  re- 
fineries. M.  Baume  had  before  advifed  the  ufe  of  it,  in 
order  to  judge  of  the  infpiflation  of  fympa^^^  de  PkMf* 
imacie^  p.  $$$*)•     Morvcau. 

wbcTf 
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where,  in  about  an  hour,  it  is  freed,  by  depofi- 
tioo^  from  the  grofler  heterogeneous  particles ;  it 
is  then  put  into  either  (lone  or  wooden  receptacles. 
In  eight  or  ten  days  the  lixivium,  commonly  called 
magiftral  water,  flows  into  another  ve0el,  leaving 
behind  a  number  of  cryftals,  generally  fmall  and 
impure,  which  incrufl  the  bottom  and  (ides  of  the 
▼eflel.  Thcrfe  are  colle^d,  aiid  wa(hed  from  the 
impurities  which  adhere  externally,  with  cold  wa* 
ter :  the  impurities  remaining  in  the  refervoir  af** 
ter  wa(hing,  are  kept  by  themfelves. 

(b)  The  wa(hed  cryftals  are  put  into  the  boiler 
ufed  for  depuration,  and  are  diflblved  in  a  quan« 
tity  of  water  fo  (mall  that  it  may,  when  boiling,  be 
able  to  take  up  all  the  fait,  and  be  fufficicntly  load- 
ed with  it :  the  lixivium  is  then  poured  out  into 
a  great  tub,  which  holds  the  (ame  quantity  as  the 
boiler  does.  After  16  or  1 8  days  the  hoops  of  the 
tub  are  loofed,  and  the  aluminous  mafs  is  bound 
ivith  an  iron  ring :  after  28  days  the  refiduum  of 
the  folution  is  let  out  through  a- hole,  and  colled^ 
cd  in  a  tirench ;  the  aluminous  mafs,  then  dried, 
is  called  depurated  alum,  and  amounts,  at  Gar« 
phyttan,  to  16  tons. 

(c)  Let  us  now  look  to  the  boiler  emptied  for 
the  firft  cryftalli^tion.  This  is  diredtly  filled  two 
thirds  with  the  magiftral  lixivium,  which  is  brought 
to  the  boiling  point ;  and  as  foon  as  it  arrives  at 
that,  the  empty  third  is  loaded  with  the  crude  li- 
xivium, with  which  alfo  the  wafte  of  evaporation 
is  continually  fupplicd»     Ihc  boiling  being  finiih- 

VoL.  L  A  a  ^d. 
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ed,  a  certain  quantity  of  aluminous  impurities  is 
added,  after  the  iblution  of  which,  by  continual 
agitation,  the  lixivium  is  let  out  as  before.  The 
fird  boiling  in  the  fpring,  is  performed  with  the 
crude  lixi\num  alone ;  the  reft  in  the  way  aboYC 
defcribed^ 

As  to  the  time  required  for  cryftallization,  k 
may  without  doubt  be  (hortened,  efpccially  when 
the  furface  is  fmall  with  refped  to  the  mais,  as  B 
the  cafe  in  our  manufadtories  ;  for  the  refervcMfS 
ufed  in  the  firft  cryftallization  are  deep  and  very 
narrow  at  the  top,  and  the  fame  is  the  cafe  to  this 
day  in  the  fecond  cryftallization.  The  heat  of  the 
niafs,  therefore,  being  reduced  to  the  temperature 
of  the  furrounding  atmofphere,  the  evaporadoo, 
and  of  confequence  the  depofition,  is  very  ibw^ 
except  when  the  weather  is  exceeding  warm,  aod 
befides  the  doors  and  windows  fo  difpofed  that  a 
current  of  air  continually  runs  along  the  (vabcc^ 
The  cafe  is  quite  different*  in  fmall  experiments, 
efpccially  in  conical  glaffes,  where  the  fur&ce  is 
very  large  with  refped  to  the  mafs.  In  Italy  coni- 
cal refervoirs  are  ufed,  and  indeed  with  the  great* 
eft  propriety. 

(p)  In  order  to  obtain  the  alum  more  pure  at 
the  fecond  cryftallization,  in  fome  places  additions 
arc  employed,  fuch  as  alkalis,  lime,  or  urine;  for 
the  experience  of  many  years  has  (hewn,  that  the 
lixivium  fometimes  acquires  fuch  a  confiftence, 
that  it  both  cryftallizes  with  difficulty,  and  produ- 
ces impure  cryftals :  pot-aflics,  particularly,  were 

.     -  nfcd 
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ufrd  to  prevent  this  inconvenience,  becaufe  thd 
acid  is  fuperabiindant.  Pct-aflles  and  lime,  either 
bui^t  or  crude,  abforb  the  acid ;  and,  if  added  ill 
proper  propottion,  diihinifli  the  quantity  of  hete- 
rogeneous noxious  matter,  by  precipitating  them: 
this  will  appear  clearly,  frorn  confld^ring  the  na- 
ture of  the  lixivium ;  but  urine  has  no  effe£t,  ex- 
cept in  fo  far  as  it  contains  volatile  alkali;  tt  is 
not  to  be  denied,  that  new  falts  are  iti  this  cafd 
mixed;  namely,  vitriolated  vegetable  alkali,  or 
ochetis,  according  to  the  nature  of  the  additament ; 
thefe  ai'e  undoubtedly  more  harmlefs  than  thofe 
\7hich  are  taken  away,  but  yet  are  tlot  td  be  fold 
for  alum. 

(e)  ITie  Roman  alum  has  been  confidered  as 
the  bcft  fort :  at  Brunfwick  fomc  time  fincc  they 
began  to  manUfa£hire  a  fpecies  of  alum,  which^ 
if  we  give  credit  to  report,  may  properly  be  fub^ 
ftitured  for  the  Roman.  I  have  examined  thii 
alum  chymically,  and  found  it  mixed  with  co- 
balt (/)•  I  have  no  doubt  but  the  ore  of  cobalt 
roafted,  is  mixed  with  the  lixivium )  for  in  that  cafe 
the  difengaged  acid  attacks  the  metalhc  calx,  and 
forms  a  rofe  coloured  folution,  which  gives  a  tinge 
to  the  cryftals.  This  alum,  diflblvcd  in  water,  yields^ 
upon  adding  a  fixed  alkali^  an  urinous  fait ;  with 
phlogifticatcd  alkali,  difcovers  iron,  but  not  co- 
balt ;  which  lalt  is  manifefted  by  the  violet  colour^ 
on  fiifing  the  precipitated  bafe  with  borax :  -^it  is 

(/)  I  fee  that  Erllcbcnlias  oiferred  this  id  hit  Effays. 

A  a  a  diftinguilhcd ' 
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diftinguifhcd  from  the  Roman  alum  by  its  cryftals^ 
ivhich  arc  all  tinged,  acerb,  and  lefs  acid  than  the 
Roman.  A  cryftal  of  Roman  alum  cxpoled  to 
heat  by  the  blow-pipe,  foon  grows  opake,  fwclls, 
and  fbams,  but  a  fpongy,  immoveable,  white  mais 
foon  appears ;  whereas  the  Brunfwick  fweUs  Ids, 
hardly  foams,  but  melts,  and  at  laft  grows  green; 
befides,  from  the  very  beginning,  it  fends  fbith 
copioufly  an  arfenical  fmoke. 

I  do  not  deny  that  I  have  fometimes  got  a  green 
glais  from  the  rofe-coloured  bafe  of  alum,  whkh 
would  indicate  the  prefence  of  cobalt^  if  it  always 
happened ;  but  after  once  finding  it,  I  have  tried 
loo  times  again  to  no  purpofe  :  what  this  colour- 
ing principle  is,  is  ftill  doubtful ;  but  we  knoir 
for  certain  that  the  goodnefs  of  the  alum  does  not 
depend  upon  it — I  have  not  yet  had  an  opportn- 
nity  of  examining  the  ufe  of  Brunfwick  alum  in 
dying  ig). 

(f)  At  Tolfa  the  lisivium,  agitated  in  a  vefidi 

(^)  I  hate  alreadj  mentioned  Mr  Monnet's  conjeAiire 
coDcerning  the  caufe  of  the  reddifli  colour  of  Roman  alMU 
By  analyfing  the  beiutiful  red  fclenite  from  Montalier  ia 
Tranche  Comt*^,  which  is  crTilallixcd  in  (hining  lamcllz, 
and  from  which  I  have  obtained  iron  in  its  complete  ftate* 
1  am  convinced,  not  only  that  this  metal  can  commnm'cate 
ail  the  (hades  of  this  colour,  but  alfo  tdat  it  adheret  very 
tenacioufly  to  vitriolic' earthy  falts ;  for,  after  boiling  this 
felenitc  in  diftilied  water,  and  filtering  the  folutioo,  a  de- 
pofitiun,  having  a  flight  tinge  of  this  kind>  took  place  u 
the  liquor  cooled.     Morveaa. 
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is  inrpiflated  by  boiling  for  24  hours  C/i);  this 
being  done,  the  fire  is  extingui(hcd,  the  earthy 
parts  are  taken  away  by  inftruments  provided  for 
the  purpofe,  and  the  liquor,  after  being  cleared 
by  fubfidence,  is  let  out  by  a  cock  into  a  recep. 
tacle  made  of  oak;  theire  it  cryftallizes  for  14 
days ;  it  is  then  let  off  into  (hallower  receptacles, 
where  it  depofits  more  cryftals ;  and,  finally,  ig 
let  oqt  io  the  magiftral  trench.  In  this  procefe  no 
depuration  is  effcfled  by  cryftallizing ;  and  there- 
fiorcthc  Roman  alum  contains  in  joolb.  upward^ 
of  5lbu  of  a  rofe coloured  earth: — 100  of  the 
ore  never  yields  z  lb.  of  alum. 

The  magiftral  lixivium  appears  un^uous,  and 
di&okly  forms  cryftals ;  yet,  in  broad  and  flial- 
lorn  veflfels,  it  yields  genuine  alum,  although  a 
flow  fpontaneous  evaporation  is  necefiary. 

At  Puteoli  the  lixivium  digefted  by  the  folar 
beat  forms  at  length  on  the  furface  cryftals,  which, 
bdng  collefled  in  a  conical  ftone  receptacle,  are 
again  dtftblved  in  warm  water;  and  there,  the 
evaporation  going  on  by  the  natural  heat,  more 
pore  cryftals  are  formed:  in  tliis  cafe  the  ore 
yidds  more  than  40  lb.  of  alum  in  100,  but  gene-; 
raUy  nuxed  with  iron. 

{Sf)  Travellers  do  not  agree  concerning  the  metal  of 
vrlucb  the  boiler  is  made.  Angcrften  fays  that  the  bot« 
torn  is  of  copper,  and  the  fides  of  ftonc,  Ferber  mention^ 
copper  only,  Fougeroux  fays  the  bottom  is  of  lead.  Ma* 
zc2Sf  that  the  boiler  is  of  lead. 

A  a  3  fix. 
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§  IX. 

In  order  to  difcover  the  differences  of  the  fcvc* 
ral  lixivia  more  accurately,  1  began  by  examining 
the  three  principal ;  thefe  are,  that  which  is  made 
of  the  roafted  ore,  faturated  with  fait  in  the  coldy 
and  which  is  called  the  crude  lixivium  ;  that  lixi- 
Tium  which  remains  after  the  fecond  cryftaUiz^ 
tion  of  the  alum ;  and,  finally,  the  laft  lixivium, 
which  is  commonly  called  magiftral.  Thefe  lis- 
via  muft  neceffarily  diflfer  more  or  lefs  in  different 
places,  according  to  the  nature  of  the  ore  cmploj- 
cd,  and  the  varieties  of  the  operation :  and  even 
fuppofmg  the  ore  to  be  the  fame,  and  cqoaDy 
roaflcd,  yet  the  firft  is  the  richer,  from  the  greater 
heat  of  the  atmofphere ;  the  fecond,  through  die 
whole  year  fuifers  the  fmalleft  variation ;  and  the 
lafl  the  greateft,  as  being  from  the  beginning  of 
fpring  till  late  in  autumn,  continually  loaded  TPrith 
foreign  matters ;  therefore,  although  a  great  va- 
riety neceffarily  occurs,  yet  it  will  be  ufcfiil  to 
confider  a  fet  of  experiments  which  were  made 
upon  lixivia  got  at  Garphyttan  in  the  month  d 
September  J  776,  and  carried  well  corked  to  Up 
fal. 

(a)  The  fpecigc  gravity  of  the  crude  lixiviuD, 
in  a  moderate  heat,  was  to  that  of  diflilled  yratcr 
as  245  to  215:  this  fpecific  gravity  indicates  9 
pannings. 

Ai  ■ 
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At  the  bottom  of  the  bottle  was  colleded  a  yel-i 
lowifh  powder ;  the  lixivium  was  yellow,  a  little 
greenifli,  had  an  aluminous  tafte,  but  fomewhat 
auftere  and  earthy.  Paper  tinged  with  turnfole 
grew  red  when  wetted  with  this  lixivium;  but 
die  deep  blue  paper  ufed  for  fugar  was  not  chan- 
ged. 

Fhlogifticated  alkali  immediately  precipitated 
a  Phiflian  blue,  in  the  proportion  of  930  grains 
to  the  kanne :  this  indicates  nearly  809  grains 
of  vitriol. 

Fixed  alkali,  dropped  in  by  degrees,  precipi- 
tated firft  a  ferruginous  yellowifli  powder,  then  a 
white  one ;  but  that  which  falls  on  the  addition 
ot  a  few  of  the  firft  drops,  is  by  degrees  again 
diflblvcd ;  hence  we  may  judge  of  the  fupera* 
bundance  of  acid ; — how  great  that  fuperabun- 
dance  is,  we  (hall  fee  in  the  fequel: — the  acid  of 
fugar  occafioned  no  change. 

In  this  lixivium  there  are  prefent  vitriol,  alum, 
and  vitriolated  magnefia ;  falts  which  are  not  fepa- 
rabk  from  one  another,  but  with  great  difficulty. 
1  firft  tried  to  cScGt  this  feparation  by  fpontaneous 
evaporation ;  when  this  can  be  done,  diftindt  cry- 
fials  generally  appear  (a  very  long  time  is  indeed 
requilite) ;  and,  in  the  mean  time,  the  atoms 
which  float  in  the  atmofphere  mix  with  the  liquor ; 
but  to  avoid  thefe  inconveniencies,  I  ufe  broad 
vcfliek,  which  expofe  a  large  furface  to  the  air;  and 
as  evaporation  proceeds,  cxteris  paribiu^  in  pro- 
A  a  4  portion 
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portion  to  the  furface,  the  delay  is  much  dhm- 
nifhed.  In  order  to  exclude  dufl^  a  very  tUn 
filk,  or  a  large  glafs  bell,  may  be  put  over  the 
liquor  :  by  this  method  I  obtained  from  a  kamw 
of  the  lixivium  i;933  grains  of  oryftallized  aium, 
and  of  a  (hapelefs  acid  faline  mafs,  59790  grains} 
thefe  were  dried  upon  bibulous  paper ;— *even  tfap 
cryftals  themfelves,  upon  the  addition  of  phlogi- 
flicated  alkali^  yielded  Pruffian  blue ;  I  therefore 
tried  another  method  of  feparating  tt^e  la}tit»  an4 
that  with  better  fuccefs  :— 

I  firfl:  precipitated  the  iron  with  phlogifticated 
alkali,  then  the  earthy  part  with  fixed  alkali,  in 
order  to  take  up  the  fuperabundant  acid  ;  I  agaii) 
diifolved  this  earth,  when  wafhcd,  in  vitriolic  add, 
the  gypfum  remained  at  the  bottom ;  I  weighed 
the  liquor,  filtered,  cryftallized,  and  dried }  I  to* 
tally  deftroyed  the  aluminous  ps^rt  of  the  talt  ro* 
maining,  by  chalk  ;  and,  finally,  filtered  and  cry- 
{lallized  the  liquor  which  remained ;  this  produ- 
ced nothing  but.  vitriolated  magnefta- 

I  determined  the  quantity  of  fuperabundnK 
acid  in  the  following  manner  :  I  added  fmall  pbi 
ces  of  cryftallized  fal  fodae,  thefe  foon  grew  ted 
from  the  precipitated  iron,  but  were  foon  difloLr 
vcd  :  I  continued  to  add  the  alkali,  ^ntil  fprnc  ic« 
mained  undiiTolved ;  at  the  fame  time  1  faturattd 
a  known  weight  of  that  vitriolic  acid,  commonly 
called  oil  of  vitriol,  with  the  £une  alkali,  aod 
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bence  learned  to  compare  the  fuperabandance  with 
the  quantity  of  this  oil. 

Tbefe  experiments  (hewed  that  there  were,  in 
each  kanneof  the  crude  lixivium,  15  grains  of 
gyirfiim,  39889  of  vitrioLated  magnefia,  2,933  of 
alum,  809  ol  martial  vitriol,  and  fo  much  difen- 
gaged  add  as  was  equal  to  72  grains  of  common 
oil  of  vitrioL 

>  The  vitriol  of  iron  which  appears  here  is  of  a 
peculiar  nature,  for  Uie  lixivium  does  not  depofit 
an  ochre  on  boiling,  or  on  fpontaneous  evapora- 
tion to  drynefs,  but  holds  its  colour  perfcQ ;  yet 
that  it  contains  iron  very  much  dephlogifticated, 
is  eafily  gathered  from  the  ferruginous  colour  of 
the  martial  precipitate,  occafioned  by  a  fixed  al- 
kali :  the  cafe  is  very  different  with  a  Iblution  of 
common  vitridf 


From  the  preceding  paragraph,  it  evidently  ap*» 
pears,  tlmt  there  is  prdent  in  the  lixivia  a  greater 
quantity  of  acid  than  is  neceflary  for  the  forma- 
tion of  alum.  The  queftion  is,  whether  this  im- 
pedes the  cryftallization,  or  promotes  it  ?  Many, 
among  whom  is  the  celebrated  Margraaf,  aflert 
the  former  ;  but  an  experiment  publifhed  in 
1744,  by  Mr  Baron,  fuggeftcd  the  latter  opinion 
to  fome.-— The  experiment  is  this :  concentrated 
fi^riolic  aci^^  added  in  large  quantity  to  a  folution 

of 
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of  alum,  precipitates  the  alum,  by  feizing  the  wa- 
ter ;  which  being  quickly  cryftallized  in  this  io« 
tenfely  acid  folution,  frequently  exhibits  cryftaU 
line  fpiculae,  or  needles  diverging  firom  a  point, 
like  ftars.  This,  in  the  fame  circumftances, 
happens  to  many  falts  :  — •  highly  concentrated 
vitrioUc  add  is  able  to  take  away  from  alum  not 
only  the  water  of  folution,  but  the  water  of  cry^ 
ftallization.  Let  a  tranfparent  piece  of  alum  be 
put  into  fuch  an  acid,  and  in  a  few  minutes  it  wiH 
be  found  to  grow  white  and  opaque :  thus  ve 
have  what  may  be  called  alum  calcined  by  the 
humid  way ;  and  this  phasnomenon  is  a  ted  of  the 
perfeft  concentration  of  vitriolic  add. 

But  in  the  prefent  cafe  there  is  no  queftion  of 
fo  great  a  quantity  of  acid  as  is  able  to  take  away 
from  the  fait  its  difToIving  water :  the  moft  hi^ily 
concentrated  vitriolic  acid  feems  to  be  (aturated 
with  about  double  its  weight  of  water  (at  leaft  it 
attrads  no  more  from  the  atmofpherc) :  but  wc 
are  now  enquiring  concerning  a  quantity  wbidi 
has  united  to  it  far  more  than  twice  its  weight  oi 
water,  which  therefore  muft  adhere  but  loofely, 
as  being  fuperabundant. 

£very  day's  experience  (hews  that  vitriolated 
vegetable  alkali  and  gypfum  are  more  copioufly 
diflblved,  if  the  water  be  (harpened  by  a  fmill 
portion  of  vitriolic  acid ;  nay,  the  nitrous  acid  has 
the  iame  effed  3  and  in  general  this  holds  good  d 

all 
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all  laks  hitherto  known,  excq)ting  only  tartarized 
tartar,  and  thofe  which  agree  with  it  in  qualities  ; 
for  diis  fait,  when  the  proportion  of  acid  is  en- 
crcafird,  degenerates  into  tartar,  which  is  far  more 
difficult  of  folution.  It  .would  be  fcarce  worth 
while  to  demonftrate  that  alum  agrees  with  the 
other  (alts  in  this  refpeft,  were  it  not  that  it  has 
been  called  in  question.— ^What  follows,  will,  I 
hope,  elucidate  that  matter  fufficiently  (i). 

(a)  I  chofe  12  glafies  of  a  conical  figure,  as 
nearly  fimilar  and  equal  as  poflible ;  to  the  firft,  I 
did  not  add  any  vitriolic  acid ;  in  the  fecond,  I 
put  4  drops ;  in  the  third,  6 ;  and  fo  on,  as  the 
following  table  (hews ;  where  the  column  marked 
number  oj  glajfts  (hews  the  number  of  drops  put 
into  each — (100  drops  weigh  about  113  grains). 
This  being  done,  an  equal  meafure  of  a  folution 
of  alum  filtered,  was  put  into  each  glals : — ^I  em« 
ployed  Roman  alum,  and  therefore  filtering  was 
ncceflary,  to  feparate  the  earthy  part.  The  glafles 
i¥ere  fet  in  a  place  where  the  thermometer  flood 
during  the  whole  experiment  (which  lafled  25 
days)  between  6^  and  ic  :  aft^r  the  ifl,  2d,  6th, 
and  25th  days,  whatever  was  found  cryftallized 
was  taken  off  with  a  filver  fpoon,  and  dried  for  10 
hours,  upon  a  bibulous  paper  folded,  and  was  then 
weighed.     In  order  to  avoid  f^adions,  I  expref$ 

(/)  See  the  Stockholm  TranfaAions,  id  which  I  firft 
publifhcd  thefc  experiments*  ^ 

the 
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^e  weights  in  docimaftic  pounds,  400  of  which 
arc  equal  to  215  grains. 


Number  After  ift  After  2d  After  6th    After  Sura 

oi  glafles*     day.  day.  day.     25th  day.        total. 

Q    5^    5    3     18  =  761b, 

4  39  >3  ^  ^7  =  75 

.6  38  iii  a  18  =  69i 

8  30  14  If  16  =  6it 

12  30  13  I  '7  =  6' 

16  20  19  I  18  =.58 

to  20  i64-  I  20  =  57i 

^4  14  ?i2  I  20  =  57 

30  14  22  I  20  =  ^7 

40  15  »8i  I  23  =  s7r 

SO  1^  «3  t  23  =  58  J 

100  16  25  |.  24  =  6^i 

(b)  I  repeated  the  experiment,  only  making 
ufe  of  five  glafles ;  into  each  I  put  one  half  the 
xneafure  of  filtered  folution  of  alum,  and  the  num* 
ber  of  drops  of  the  acid  indicated  in  the  firfl  co- 
lumn beneath:  100  drops  now  weighed  about 
924  grains.  The  experiment  took  up  23  days; 
at  the  end  of  which  time  all  the  moifturc  in  the 
firft  glafs  had  evaporated. — ^Thc  temperature  was 
between  i  j<>  and  200. 

Number 
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Num- 
ber of 
glaffes. 

After 
tftdayt 

7  day*. 

12. 

aj.              Total. 

0 

199 

30gr8. 

44lb. 

561b.  =  329lb< 

25 

190 

ZI 

52 

64       =  Z^7 

50 

171 

29 

53 

66      ==  320 

75 

166 

»7 

5« 

67       =  302 

100 

163 

26 

50 

58       =  197 

Hence  it  eafily  appears,  that  the  fmalleil  addi* 
iion  of  acid  impedes  the  cryftallization.  A  com^^ 
parifisn  of  the  sd,  4th,  and  5th  column,  will  in* 
deed  Ihew  many  irregularities,  which  may  be  ex- 
hibited by  a  curve,  by  erecting,  perpendicular  to 
the  aids,  brdinates  proportioned  to  the  number  in 
each  column,  and  by  taking  the  abfciflas  propor- 
tional to  the  numbers  in  the  firft  column.  Thefd 
irregularities  can  hardly  depend  entirely  on  the  in- 
tequality  of  the  cups ;  but  undoubtedly  they  de- 
pend, at  leaft  in  part,  upon  the  different  relative 
proportions  of  the  alum,  water,  and  acid;  be- 
fides,  a  perfed  equality  cannot  be  preferved  in  a 
number  of  drops :  but  this  does  not  affed  the  ge- 
neral conclufion ;  for  if  by  accident,  where  tho 
difference  is  fmall,  4  (hould  ^  6  in  weight,  this 
will  not  happen  where  the  difference  is  greater, 
without  remarkable  negligence. 

Befides,  I  took  as  much  care  as  polliblc  that 
the  folution  poured  into  the  lad  glals  (hould  be  as 
warm  as  that  in  the  firft*    If  any  varis^on  hap- 
pened 
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pcned  here,  it  mud  have  arifcn  from  the  latter 
glalTes  being  richer  than  the  former,  on  account 
of  the  contraction  of  bulk  by  cooling. 

That  the  evaporation  (hould  proceed  fenfibly  du- 
ring the  whole  time  of  the  procefs,  the  broad  fur- 
faces  give  reafon  to  exped ;  and  all  the  pheno- 
mena demonftrate  that  it  was  fo.  It  is  otherwiTe 
in  the  manufaftories  (§  viii.  c). 

(c)  To  avoid  the  exception  arifmg  from  the  in- 
equality of  the  drops,  I  made  the  experiment  in 
the  following  manner : — ^I  diflblved  2 1 5  grauns  of 
pure  alum  in  diftilled  water,  in  a  fmall  cucurbit, 
and  evaporated  over  the  6re  until  the  fuHace  of 
the  liquor  correfponded  with  two  oppofite  marks 
on  the  narrow  neck,  which,  according  to  former 
experiments,  indicated  that  the  warm  folution  was 
fit  for  cryftallization  ;  I  therefore  poured  it  out 
into  a  glafs  :  in  the  fame  cucurbit,  after  wafliing 
it,  I  again  diffolvcd  and  evaporated  215  gramsi 
with  the  addition  of  24  grains  and  an  half  of  con- 
centrated vitriolic  acid.  This  folution  was  poured 
out  into  a  glafs  fimilar  and  equal  to  the  former. 
r  repeated  the  experiment  a  third  time,  with  no 
other  alteration  than  the  addition  of  53  grains  of 
vitriolic  acid.  ITic  glaffes  were  then  all  fct  dofc 
together,  in  a  place  the  temperature  of  which 
was  10°.  After  ^6  hours,  I  collefted  the  cry- 
ftals,  and  left  them  untouched  for  12  hours,  up- 
on bibulous  paper,  many  times  doubled.  At  the 
expiration  of  that  time  1  found  the  weight  of  cry- 

-  ftals 
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•ftak  obtained  from  the  firft  cop  to  be  issh 
from  the  iecond  130,  and  from  the  tUrd  only 
loot- 

(d)  The  laft  objedion  b^  that  the  vitriolic  acid 
attrads  water  very  ftrongly ;  and  therefore  no  o- 

*tlier  way  impedes  cryfiallization,  than  by  taking 
away  the  water  neceflary  for  the  Ibludon.  The 
queftion  is  not  at  prefent  in  what  manner  the  ^- 
tridic  add  ads ;  and  therefore,  without  giving  up 
my  thefis,  I  might  allow  this  conjedure  to  be 
right.  But  I  to^  that  opportunity  of  examining 
into  its  truth :  for  this  purpofe,  I  provided  two 
equal  and  fimilar  bottles,  a  and  b  ;  into  each  I 
put  eight  ounces  of  diftilled  water,  and  into  b 
only  I  put  50;  grains  of  vitriolic  acid:  I  after- 
wards added  to  each  equal  portions  of  powdered 

^alum,  and  immediately  clofed  them  both  welL 
As  long  as  none  remained  undiflblved,  1  conti« 
nucd  to  add  more  alum,  and  did  not  ceafe,  until 
a  portion  remained  for  fome  days,  which  the  li- 
quor was  incapable  of  diflblving.  Equal  portions 
of  the  fait  were  always  more  quickly  diflblved  in  b 
than  in  a.  The  water  in  a  diiTolved  only  339! » 
that  in  b  373,  and  80;  more  upon  the  further  ad« 
dition  of  134;.  of  vitriolic  acid. 

.  Since,  then,  the  folution  is  as  it  were  in  the  in- 
yerfe  ratio  of  cryftallization ;  and  as  no  difference 
in  evaporation  could  take  place,  the  bottles  being 
nearly  full,  placed  near  one  another,  and  well  itop- 
ped ;  I  conclude,  that  the  acid  of  itfelf  encrcafcs 

the 
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the  Q3lubility,  or,  which  is  the£ude  thing,  impedes 
the  cryftaiUzation. 


After  having  Chewn,  by  many  experioicnts,  tb( 
the  cryllallization  is  impeded  by  the  fupcrabun* 
dant  acid,  the  queftion  now  is  concerning  tbe 
mod  commodious  method  of  detaching  that  fupa- 
fluity. 

(a)  Alkaline  fubftanced,  (alirie  ot  earthy,  are 
no  doubt  capable  of  fuppreinng  it,  but  thefe  fu- 
peradd  a  (alt  of  another  kind.  It  fometimes  hap- 
pens, that  alum  does  not  yield  firm  cry  dais,  a  b& 
firft  obferved  by  M.  Margraaf,  who  alfo  ihewed, 
that  this  inconvenience  arofe  from  a  fmall  quand* 
ty  of  vegetable  alkali.  I  know  that,  without  any 
addition,  complete  cryftals  may  be  obtained ;  but 
for  the  mod  part,  unleis  the  evaporation  be  car- 
ried on  extremely  flow,  the  great  portion  which 
remains  after  the  depofttion  of  a  few  perfed  oy- 
ilals  is  nothing  but  a  (aline  magma.  It  is  remark* 
able  that  this  impediment  to  cryftaliiz^tion  is  equal- 
ly well  removed  by  volatile  alkali,  but  not  by  mi- 
neral alkali,  or  by  lime  (and  this  points  out  the 
refemblance  between  vegetable  and  volatile  aikafi, 
as  alfo  between  mineral  alkali  and  lime,  a  reiem* 
blance  which  we  fhaU  fee  elfewhere  (^) :  not  onty 

(i)  DliTcrtation  o:>  Platlna,  toL  ii« 

the 
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the  conftmoiiy  but  even  the  Roman  alum,  when 
precipitated  by  a  rolatile  alkali,  yields  a  liquof 
which  not  only  contains  an  ammoniacal  (alt,  but 
frequently  a  vitriolated  vegetable  alkali;  which 
latter  may  be  had  alone,  the  former  being  fepa* 
rated  by  fublimation.  The  prefence  of  this  alkali 
is  owing  either  to  the  clay  itfelf  being  adulterated 
vnth  the  refiduum  of  putrified  vegetables,  or  from 
aflies,  either  added  on  purpofe,  or  accidentally 
mixed,  during  the  calcination  and  roafting.  In 
the  mean  time,  it  is  certain  that  alum  and  vitrio« 
fatted  vegetaUe  ^Ikali  eafily  unite,  and  thus  a  triple 
hit  is  formed :  the  alum,  deprived  of  this  addi** 
tion,  is  unfit  for  making  the  pyrophyrus,  which 
may  be  eafily  tried ;  for  the  aluminous  magma 
which  refufes  to  cryftallitt  diftinftly,  yields,  when 
treated  in  the  ufual  way,  not  a  particle  of  pyro« 
phyrus ;  whereas  it  yields  an  excellent  one^  upon 
the  addition  (/)  of  a  fmall  quantity  of  vegetable 
alkali  (m). 

(/)  VuL  Schede  on  Fire. 

(m)  It  if  difficult  to  imagine  how  this  alkali  contributes 
to  the  produAion  of  pjTophonif ,  more  cfpecially  fince  M. 
Frouft  has  (hewn,  that  it  ma^r  be  obtained  without  alum, 
and  even  without  vitriolic  acid ;  that  the  refiduum  of  fac- 
chmnun  latumi>  after  diftillation,  cryftals  of  verdigreafcf 
imd  feveral  other  metallic  falts^  are  true  pyrophori ;  in  a 
word,  that  almoft  every  fubftance  which  leaves,  after  its 
deCompofition>  a  coally  matter,  fimply  divided  by  an  earth, 
or  a  metallic  calx,  has  the  (ame  property  (Journ.  Phyf 
1778,  St^pL  p.  432)*  Morveau.  See  Pricftly,  vol.  iii. 
and  !▼•    Appendix. 

Vol.  I.  B  b  Thef<? 
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Thefe  circumftances '  fuggcft  a  fufpicion,  that^ 
vegetable  alkali  is  neceffary  for  the  perfc&ion  of 
alum ;  and  that  therefore  all  perfedt  alum  ibould 
be  confidered  as  a  triple  fait ;  but  this  conjedarc 
is  not  well  founded,  as  the  fame  perfedion  may 
be  obtained  by  the  volatile  alkali,  and  a  fponta* 
neous  evaporation.  However,  I  do  not  fuppole 
the  addition  of  vegetable  alkali  improper,  profi* 
ded  it  be  pure ;  for  if  impure  it  is  more  noziooi 
than  ufeful.  1  he  whole  of  the  fuperabundant 
acid,  however,  muft  by  no  means  be  faturated 
with  alkali,  as  the  alum  would  in  that  cafe  be  too 
much  mixed  with  a  foreign  fait,  and  the  opera* 
tion  be  rendered  expenfive,  without  gaining  any 
advantage. — Urine  ought  to  be  avoided,  pardyoQ 
account  of  the  heterogeneous  matters  which  it 
contains,  partly  on  account  of  the  volatile  alkaB, 
which  communicates  to  alum  properties  that  roi* 
der  it  unfit  for  the  purpofes  of  dying; 

(b)  But  as  a  pure  clay  conftitutes  the  baiis  of 
alum,  the  fuperabundant  acid  cannot  by  any  other 
means  be  more  conveniently  rcprefled  than  by  this 
earth :  which,  at  the  fame  time  that  it  prevents 
the  noxious  fuperabundance,  increafcs  the  quanti- 
ty of  alum.  1  am  very  ij[\uch  furprifed  that  fo  a* 
ccllent  and  obvious  a  remedy  has  never  been  pro- 
pofcd  by  any  perfon,  at  leaft  fo  far  as  I  know^. 

In  order  to  afcertain  what  was  to  be  expeded 
from  this,  1  inftituted  fcveral  experiments,  by 
which  the  truth  of  the  above  aflertion  was  fuffi^ 

cicniiy 
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cicntly  evinced.  It  will  be  fufficicnt  to  relate  two: 
—1  employed  a  magiilral  lixivium,  in  which  the 
the  cxcefs  oi  acid  was  nearly  in  quantity  as  de- 
icribed  (^  1  k  c  ) ;  to  a  kanne  of  this  1  added  two 
drachim  of  pure  clay,  reduced  to  a  fine  powder^ 
and  moiftened  with  a  few  drops  of  water  :  1  then 
applied  the  heat  of  ebullition,  which  1  continued 
for  ten  minutes ;  when  all  was  cold  1  fcparated 
the  clay  that  remained,  and  upon  waibing  and  dry- 
ing I  found  that  25 1  grains  were  diflblved ;  which 
indicates  an  increafe  ot  alum  of  141  grains 
(^  III.  B.).  At  another  time  I  employed  gentle 
boiling  for  half  an  hour,  by  which  75  grains  were 
taken  up,  fo  that  416  grains  of  alum  were  pro* 
duced ;  hence  a  fingle  boiler  would  produce  1 ,400 
ounces. 

I  entertain  no  doubt,  therefore,  but  that  the 
addition  of  clay  is  extremely  ufcful;  and  this 
ihould  be  done  at  the  very  firft,  when  the  lixivium 
is  put  into  the  boiler ;  a  clay  free  from  lime  is  ne- 
ceflary,  as  this  laft  would  produce  gypfum;  it 
muft  alfo  be  free  from  any  thing  vitriolic  In  ge* 
neral  the  quantity  is  to  be  regulated  by  the  quan- 
tity of  fupcrabundant  acid;  and  we  muft  confider 
that  the  earth  of  alum  frequently  conftitutes  only 
one  fourth  of  argillaceous  earth.  A  few  trials  willy 
in  the  prefent  cafe,  be  fufficieut  to  dire£l  us. 

B  b  a  $  xii« 
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S   XII, 

Many  circutnftancfcs  relating  to  the  mediod  of 
obtaining  alum  pure  have  been  mentioned  in  die 
foregoing  feftion,  where  we  treated  of  repreffiog 
the  fuperabtiiidant  add. 

Alum,  as  it  is  commonly  made,  although  de- 
j)urated  by  a  fecond  ctyftallization,  yet  is  almoft 
always  found  contaminated  with  d^phlogifticated 
vitriol ;  hence  it  grows  yellow  by  age,  aind  whcrt 
diffolvcd  in  water  depofits  ochre.  Thit,  in  many 
of  the  arts,  is  equally  ufeful  TiHth  pure  alum;  it 
is  even  fo  in  dying,  when  dark  colours  6nly  are 
wanted,  which  frequetitly  require  green  vitriol: 
but  when  the  more  lively  colodrs  Src  fbught^  eve- 
ry thing  martial  mufl:  be  avoided,  as  it  always  ob* 
fcures  them  more  or  lefs.  In  fuch  cafes  the  Ro* 
man  alum  is  employed :  it  is  therefore  required  to 
difcover  ^  method  by  which  the  common  ahmt 
may  be  fo  depurated  as  to  equal  the  Roman  in 
goodnefs.  The  common  ore,  indeed,  always  ooih 
tains  more  or  lefs  martial,  which  even  aduallycn* 
ters  the  lixivium ;  notwithftanding  this,  howeveri 
we  muft  not  defpair  (/). 

(/)  **  The  preference  given  by  dyers  to  Roman  aloB 
(iocs  not  appear  to  itie  a  fufficient  feafoa  for  concIudUc 
that  it  is  not  coloured  by  iron.  It  h  certain,  that  the  nd 
felenite  above  mentioned  does  not  any  more  (hew  figiis  of 
ihartial  earth,  in  confequence  of  the  addition  of  tiofivit 
of  galls,  and  Pruifian  alkali,  althouglk  it  contains  iron 
enough  to  be  reduced.''    MorTeau. 

(a)  Aiom^ 
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(a)  Alum,  made  without  the  addition  of  the 
magtftral  lixivium,  both  as  to  purity  and  efficacy, 
rivals  the  Roman  alum,  and  often  excels  it.  The 
crude  lixivium,  indeed,  contaii^s  vitriol,  but  in 
fuch  quantity  that  it  is  entirely  feparated  by  the 
fecond  cryftallization :  for  the  alum  made  in  this 
way  does  not  (hew  the  fmalleft  fign  of  iron,  either 
vith  tindure  of  galls  or  phlogifticated  alkali ;  be« 
fides,  by  the  fecond  cryftallization  all  the  earthy 
parts  are  feparated,  which  earthy  parts  always  ad* 
here  to  the  Roman.  By  my  advice,  this  method 
was  porfued  in  two  of  our  manufadories,  and  ai| 
ainm  prepared  fuperior  to  the  Roman. 

The  reafon  is  {^in,  for  the  noxious  heteroge- 
neous matters  at  firft  remain  in  the  magtftral  li4- 
vium ;  now,  as  two  thirds  of  this  continually  en- 
ter the  fdlowing  decoftions,  thefe  matters  arc 
continually  accumulating,  infomuch  that  the  alum 
being  in  the  firft  cryftallization  overwhelmed  witl^ 
thefe,  can  be  but  imperfeOly  freed  in  the  fecond; 
nay,  a  third  or  a  fourth  are  fometimes  neceftary, 
to  form  as  good  alum  as  is  had  without  the  adcU^ 
don  of  the  magiftral  lixivium  by  means  of  twq. 
How  abfurd  this  continual  addition  of  the  ma- 
giftral lixivium  is,  will  fuiHciently  appear  from  its 
nature,  and  will  be  demonftratcd  more  at  large 
in  the  following  paragraph. 

(b)  If  the  lixivium  abounds  with  dephlogiftica- 
ted  vitriol,  (which  is  eafily  difcovered  by  the  red 
colour,  and  the  continual  depofition  of  ochre)  this 
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is  deftroycd  by  the  addition  of  clay :  and  let  not  this 
be  thought  contradiftory  to  the  general  laiuFi  rf 
attradion.  It  is  indeed  true  that  iron,  put  into  a 
folution  of  aluin^  is  diflblved,  and  precipitates  the 
earthy  bafe  of  the  alum :  as  alfo  that,  when  vitriol 
and  alum  are  both  in  the  fame  folution,  if  an  alka£ 
be  added  gradually,  and  without  agitation,  the 
white  argillaceous  earth  will  be  firft  precipitated, 
and  afterwards  the  greenifh  inartial  earth.  But 
this  is  only  true  of  iron  in  a  metallic  ftate,  or  but 
little  dephlogidicated ;  for  if  the  inflammable  prin- 
ciple be  any  further  diminifhed,  the  efficacy  of  at- 
tradion  is  thereby  fo  much  weakened,  that  the 
iron,  being  now  calcined,  will  yield  the  vitriolic 
acid  to  pure  clay.  The  truth  of  this  aflertion  waj 
be  pro  ed  many  different  ways:  thus,  let  a  po^ 
tion  of  alum  be  diffolved  in  a  lixivium  of  highly  d^ 
phlogifticatcd  vitriol ;  let  an  alkali  be  then  added, 
and  ochre  will  be  precipitated  firft,  and  not  un- 
til after  it  clay ;  befides,  if  clay  be  added  to  fuch  a 
lixivium,  and  boiled,  alum  is  formed;  and,  pro- 
vided there  be  a  fuflicicnt  quantity  of  clay,  the 
whole  of  the  vitriolic  fait  will  be  deftroycd. 

Thofe  who  arc  fond  of  wonderful  tranfmuta- 
tions,  and  accordingly  fee  them  in  every  tbii^, 
^ill  in  this  inflance  rather  lay,  that  the  inartial  ii 
commuted  into  an  argillaceous  earth :  they  add,  t» 
finifh  the  demonftration,  that  the  fait  eiixated  ftom 
colcothar  of  vitriol  not  only  (like  alum)  rehfa 
to  cryftallize  without  the  addition  of  a  litdei** 

getaWc 
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getsible  alkali,  but  alfo  yields  tranfparcnt  cryftals, 
idiich  refetnble  alum  in  the  aftringency  of  cheir 
tafte. 

TbeTe  phaenomena  -are  tnic,  but  the  conclufion 
deduced  from  them  is  erroneous.  The  more  fre- 
quently  vitriol  of  Mars  is  diflblved,  and  again  cry- 
(lallized,  the  more  it  is  deprived  of  its  green  co- 
lour, and  at  length  it  totally  lofes  it ;  hence  the 
watery  colour  of  the  fait  obtained  from  colcothar: 
the  tafte  is  aftringent,  like  that  of  vitriol,  but  with 
Ibme  fmall  difference,  the  metallic  bafc  bcring  here 
dq>rived  very  much  of  its  phlogifton:  befidcs, 
that  the  ialt  got  from  colcothar  molt  commonly 
docs  not  .contain  a  particle  of  alum,  there  is  no 
doubt ;  for  every  common  vitriol  owes  its  origin 
to  pyrites,  which  is  rarely  without  fome  clay ; 
therefore  we  have  no  occafionfor  a  metamorpho- 
fis  to  account  for  the  produdion  of  alum :  but 
that  vitriol,  which  is  formed  of  iron  and  pure  vi- 
triolic acid,  never  {hews  the  fmalleft  veftige  of 
alum;  and  the  colcothar  fait  obtained  from  fuch 
▼itriol,  upon  the  addition  of  a  fixed  alkali,  depo- 
fits  nothing  but  an  ochre ;  but  with  a  phlogifti* 
cated  alkali  the  whole  bafe  b  converted  into  a 
Fruffian  blue. 

From  all  this  it  evidently  follows,  that  an  ala* 
mmous  lixivium,  which  is  only  contaminated  by 
dephlogifticated  vitriol,  may  be  at  once  enriched 
and  depurated,  by  the  addition  of  pur^  clay  free 
from  vitriolic  matters^ 
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(c)  A  lixivium  containing  perfeft  Vitriol  cmiot 
be  freed  from  it  to  ^ny  pivrpo^,  either  by  cfa^y  or 
alkali ;  for  the  former  effeds  no  decompofitioQf 
iinlefs  in  fo  far  as  the  vitriol  is  depblogifticated  by 
long  boiling  t  the  latter,  although  it  cm  deftroy 
all  the  vitriol,  yet  it  cannot  eflfed  (his,  &  long  n 
iiny  alum  remains,  which  yields  its  acid  more  re^ 
dily. 

JjR  applying  the  magiflral  lixivium  to  ufe,  «e 
muft  take  qotice  of  many  varieties,  the  chief  of 
which  depend  upon  the  admixture  of  a  vuridio 
fait,  as  this  renders  the  alum  unfit  for  certain  pv>> 
pofes ;  and,  if  the  quantity  be  large,  rendcn  it 
unapt  to  cryftallizc*  However,  wc  mufl:  al^  take 
into  the  account  vitriolattd  magneiia^  which  not 
unfrequently  is  found  mixed  with  it* 

(a)  a  magiltral  lixivium  containing  alum  ilooei 
is  fcarcely  found  any  where,  except  at  Tol£^.  lit 
l^ougeroux  de  ^ondaroi  obfervcs,  that  thist  c»- 
pofed  very  much  to  the  air  in  broad  ihaUow  ve^ 
fcls,  by  degrees,  though  flowly,  yield$  g^uini 
alum,  in  the  fame  way  as  clay  artificially  comhiac4 
with  vitriolic  acid,  which,  thougji  in  the  ufiial 
way  it  only  affords  incoherent  cryftals,  aflfords  ve? 
jy  complete  ones  by  a  flow  fpontaneous  exfioc^ 
tion.  1  have  not  yet  been  able  to  diicover  the 
reafon  of  this  phaenomenon}  but  in  the  fioregoiii^ 
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pages  I  hatrc  men^ned;  that  this  dilpofition  to 
cryftallixe  may  be  induced  by  tbe  addition  of  ^ 
fitde  vegetable  or  Yolacile  alkali,  but  pot  by  the 
auneral  alkali,  or  lime  (§  xi.  a). 

In  the  magiftral  fij^ifia  there  femetimes  oceers 
^  fpedes  of  fat»  as  is  judged  not  fo  much  from  its 
vUcid  appearance  (w hieh  may  be  oeeafioned  by  the 
quantity  of  the  matters  diflblved)  but  from  its  na« 
tore  and  properties ;  for  a  faturated  folution  of 
alum,  in  the  fame  n|»mer  as  other  ialts,  if  kept 
long,  or  boiled  in  a  giafs  ve0el,  communicates  to 
the  glaft  the  property  of  repelling  water,  as  if  it 
had  been  fmeared  with  oil,  and  wiped  with  a  clodu 
80  bug,  therefore^  at.  we  know  no  other  bodies 
kor  oik  which  communic$ite  this  property,  we  muft 
condude,  that  fomething  at  leaft  analogous  to  oil 
u  isr  the  lixivium. 

(b)«  The  lixivium  containing  perfect  vitriol,  fe 
long  as  it  is  rich  in  akim,  may  be  employed,  as  if 
ofually  is^  but  only  for  the  preparation  of  com- 
aioQ  alum ;  whereas,  if  the  vitriolic  (ait  abounds, 
it  muft  either  be  cryftallized  into  a  vitriol,  or  elfe 
'he  lb  deftroyed  as  to  produce  alum^  which  may 
be  done  in  the  following  way : — let  the  lixivium 
be  reduced  to  a  tenacious  mafs  with  clay,  and 
fonned  into  cakes,  and  thcfe  be  expofed  in  an 
lioufe  to  the  open  air ;  by  thefe  means  the  phlo- 
gi(ton,  which  is  powerfully  attraded  by  pure  air, 
IS  by  degrees  fcparated  from  the  iron,  while  the 
fpd|  by  its  ftronger  attradion,  takes  up  the  day; 

th^ 
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the  calcination  is  accelerated  by  ^re,  but  it  rnuft 
be  cautioufly  employed,  left  the  acid  fhould  be 
expelled:  the  lixivium  is  thus  treated. to  much 
more  advantage  than  by  continued  boiliag,  pard- 
cularly  when  it  contains  but  litde  alum  (jk)j  as  is 
the  cafe  in  our  manufadories  about  the  end  of 
the  fummer^  as  the  noxious  foreign  matters  are 
increafed  on  every  boiling. 

(c)  The  lixivium,  containing  dephlogifticated 
TitrioK  may  be  advantageoufly  treated,  by  addi!^ 
clay  during  the  boiling :  the  reafon  has  been  al* 
ready  explained  (§  x.  b),  fo  that  we  need  not 
dwell  upon  it  here. 

(d)  The  lixivium  contsuning  perfed  vitriol,  and 
Titriblated  magncfia,  is  the  moft  common  in  our 
manufadories  ;  this  may  be  employed  in  the  ordi* 
nary  way  for  the  preparation  of  common. alumni  in 
the  beginning  of  fummer,  and  fo  long  as  the  he- 
terogeneous matters  have  not  accumulated  too 
much ;  but  when  that  takes  place,  it  is  proper  to 
feparate  the  vitriolated  magnefia ;  for  this  purpofe 
it  is  neceiTary  to  decompofe  the  vitriol,  and  alfo 
the  alum,  for  they  cannot  be  feparated  by  cryftal- 
lization  (S  ix.)  i  this  is  beft  done  by  a  calcareous 
powder,  which  muft  be  unburnt,  as,  if  burnt,  it 
would  alfo  decompofe  the  vitriolated  magnefia: 
this  powder  is  to  be  added  by  degrees,  left  the 
cffervcfcence  fhould  occafion  the  mafs  to  fweil  over 
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Che  fides  of  the  veflcl :  a  juft  proportion  removes 
the  falts,  by  the  afliftance  of  agitation  and  heat ; 
phlogifticated  alkali  will  readily  ihew  whether  there 
18  any  thing  martial  remaining.  In  the  place  of 
the  decompofed  falts  there  remains  gypfum,  but 
only  a  very  fmall  portion  of  it  remains  in  the  lixi« 
vium  J  for,  on  account  of  the  deficiency  of  men- 
ftruum,  the  greateft  part  falls  to  the  bottom  along 
with  the  ochre  and  clay.-  As  foon  as  the  liquor 
has  fubfidtd  and  grown  clear,  it  muft  be  carefully 
decanted  into  another  veffcl,  and  evaporated  until 
a  drop  let  fall  upon  a  cold  fubftance  (hews  cryftals 
in  a  few  minutes ;  it  is  then  to  be  removed  from 
the  fire,  and,  on  cooling,  it  produces  vitriolated 
magnefia. 

If  in  our  manufa£lories  all  the  magiftral  WxU 
^ium  which  is  unfit  for  making  alum  was  treated 
in  this  manner,  we  ihould  undoubtedly  obtain  as 
mixh  Epfom  fait  as  is  confumcd  in  all  Sweden : 
this  fait  is  now  imported ;  whereas,  if  at  the  fame 
time  this  and  other  means  were  ufed,  we  might 
be  able  to  export  to  all  Europe. 

It  is  evident  that  this  lixivium  may  alfo,  by  the 
methods  above  defcribed,  be  employed  for  the  ar« 
tificial  preparation  of  the  matrix  of  alum. 

(£)  llie  magiftral  lixivium  has  always  a  fuper* 
abundance  of  acid  :  we  found  in  one  kanne  near- 
ly  five  ounces ;  fo  that  in  a  fingle  boiler  there  are 
qearly  250  lb. :  but  vitriol,  when  well  depblogifti* 
qttcdy  retwt  its  acid  fo  loofely,  that  it  may  e^fily 
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be  feparated  by  fire.  I  do  not  doubt,  ther€fore« 
but  that  fuch  a  lixivium,  if  its  furface  be  firft  in- 
creafed  by  pouring  over  an  heap  of  (ticks,  and  af- 
terwards colleded,  might  be  advantageoqlly  fub- 
jtStcd  to  diftillation. 

(p)  Fmally,  the  ochr^  which  Separates  either 
fpentaneouily  or  upon  the  addition  of  an  alkali, 
may  be  made,  by  various  methods  of  preparing  it, 
to  afford  various  pigments  i — it  is  enough  here  to 
tiirow  this  out  as  a  hint. 


§  XIV. 

From  what  has  been  (aid,  I  believe  it  will  plain- 
ly appear,  that  if  the  operations  were  conduded 
with  (kill  and  prudence  in  our  manufiadories,  we 
ibould  have,  at  the  ordinary  expence,  alum  better 
in  quality,  and  a  larger  quantity.  I  flatter  myfelf, 
that  in  foregoing  fedions  I  have  pointed  out  the 
means  of  obtaining  this  end.  As  to  the  forms  of 
furnaces,  and  other  contrivances  for  more  com- 
modioufly  conducing  the  operations,  I  pa(8  then^ 
over,  as  belonging  rather  to  mechanics  than  chy« 
miftry,  although  thefe  two  frequently  lend  one 
another  mutual  ai&ilance. 


PIS- 
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ANTIMONIATED  TARTAR. 


§  I.    Medicines  fiould  be  prefaribed  in  fuch  a 
H^ay^    that  each  fiaU  always  pojfefs  th0 
fame  Virtues. 


IN  prefcribing  medicines,  or  in  compofing  dif* 
penlatorics,  nothing  is  more  ncceflary  than 
that  both  the  materials  and  method  of  preparation 
be  fo  chofeti  as  to  be  exadly  alike  in  aU  cafes  and 
ittuations :  for  if  the  officinal  preparations  be  not 
dire&ed  to  be  made  in  fuch  a  manner,  that  they 
can  never,  under  the  fame  name,  poffels  different 
Tirtucs  and  properties ;  or  if  the  procefs  be  fo  or- 
dered, that,  notwitbflanding  all  poilible  care  in 
the  repetition  of  it,  it  cannot  to  a  certainty  be 
performed  in  the  fame  way,  it  plainly  appears, 

that 
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that  medicines  of  very  different  qualities  may  be 
produced  by  the  fame  formula,  and  that  not  only 
in  different  (hops,  but  in  one  and  the  fame* 
The  danger  hence  arifing  is  indeed  but  fmall, 
when  the  lefs  powerful  preparations  only  are  fub- 
jeft  to  this  inconvenience ;  but  from  what  fol- 
lows, it  will  appear,  that  this  is  often  the  cafe 
with  thofe  which  are  poffeffed  of  confiderable 
aftivity. 

For  example,  let  us  fuppofe  an  emetic,  or  1 
purgative  made  by  the  fame  formula,  and,  ncvcr- 
thelefs,  that  the  medicine  does  not  always  pro- 
ducc  the  effcfl:  defircd,  that  it  at  one  time  has 
little  or  no  effect,  at  another  a£ts  moft  violently  j 
ill  this  cafe,  beyond  doubt,  the  life  of  the  patient 
is  endangered,  the  credit  of  the  phyflcian  inju- 
red, and  preparations  which,  if  rightly  adjufted, 
would  be  of  the  moft  material  advantage,  fall  gra- 
dually into  difrepute,  and  at  length  into  total  dif- 
life. 

All  thefe  inconveniencies  are  found  to  take 
place  in  many  officinal  preparations^  particularly 
thofe  of  metals,  many  of  which,  though  known 
by  the  fame  name,  arc  in  degree  of  efficacy  en- 
tirely imlike. 

§  II.    j4ntifnonial  Emetics. 

From  the  moft  remote  times  antimonials  were 
known  to  poffefs  an  emetic  quality :     this  pro- 
perty 
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pcrty  they  exert  only  when  diffdved ;  but  in  ge- 
neral they  can  undergo  folution  within  the  body 
as  well  as  without ;  for,  in  the  primae  viae,  there 
are  fometimes  humours  endowed  with  the  proper* 
ty  of  ^flblving  this  femi  metal ;  and  on  this  ac- 
count antimonials  were  formerly  given  in  the  form 
of  powder.  But  as  it  is  plainly  i  npoilible  for  us 
to  determine,  a  prio*  /,  either  the  quantity  or  qua- 
Kty  of  this  menftruum,  it  follows,  that  from  varia-^ 
don  in  it,  either  of  quantity  or  quality,  the  dofc 
muft  be  uncertain,  and  the  effeA  extremely  du« 
bious.  Examples  are  to  be  met  with,  of  fome 
perfons  who  could  fwallow  confiderable  quantities 
of  the  regulus,  without  any  inconvenience,  which 
would  be  highly  dangerous  to  perfons  who  are  fub- 
jc6t  to  acidity.  At  prcfent.  the  mercunus  vitas, 
the  hepar  antimonii,  and  pulverized  glafs  of -anti- 
mony, are  much  in  ufe,  becaufe  thefe  fubflances 
contain  the  regulus,  reduced  by  folution  to  a  (a« 
Hne  nature ;  they  therefore  may  be  given  with 
much  more  fafety,  and,  being  always  the  fame, 
ad  more  powerfully  and  certsunly.  Tartar  has 
been  almoft  always  in  ufe,  as  a  folvent  for  this 
metal ;  and  the  fait  arifing  from  this  compofition 
has  been  called  tartar  ctnttic  (  /),  from  its  ope- 
ration ;  2nd/iibiated  tartar^  from  its  compofition. 

{a)  Mynficht  firft  introduced  this  prq^aration  in  1631. 
He  employed  die  crocus  metallorum  ;  Zwelfcry  the  glafs 
of  antimony ;  and  Lemery,  the  hepar. 
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I  prefer,  however^  the  name  of  antiiHoniaied  tu^ 
tar,  as  antitnony  is  at  prefent  a  more  popular  name 
for  this  mineral  thanilibium :  and  this  prcparatioQ 
of  antimony  I  deiign  to  examine  in  the  foUowiog 
pages. 

5  in.   Different  Methods  tf  Preparation. 

Upon  turning  over  the  moft  celebrated  difpoK 
latories^  we  find  a  wonderful  diSecence  in  tbe 
methods  of  preparing  this  fait ;  all,  except  the  old 
difpenfatory  of  Stockholm^  which  mixes  with  it  a 
lixivious  fait,  prefcribe  the  crystals,  or  cream  of 
tartar,  as  the  menftruum ;  but  differ  with  refpcd 
to  the  matter  to  be  dilTolved. 

The  crocus  metallorum  is  direded  by  the  new 
Vienna  difpenfatory  (/;),  by  the  new  Utrecht  (c)i 
the  Wirtemburg  (^d)^  the  Edinburgh  (e),  Bomfr 
fo  Brandenburg  (y  ),  the  London  (^),  and  (omi 
others ;  but  the  Edinburgh  and  the  Brandenbuif 
admit  the  ufe  of  the  glafs  of  antimony,  which  h  tbe 
bafis  employed  by  the  old  Stockholm  (A)  and  the 
Ratifbon  (/)  j  but  the  Paris  difpenfatory  (k)  or- 
ders it  with  an  equal  part  of  the  hepar,  not  freed 
from  tlic  fcoriae.    The  Pharm.  Bateana  (/)  em- 

(5)  An.  Dom*i734,  (c)  1749.  {d)  1750. 


pbytf  I 


at  ANftMdNlATKD  f  AETAJL       441 

{itoys  Ac  flowers  of  antimony.    As  to  the  pra^ 
portioiis>  the  RatUboa,  Vienna^   Utrecht^  Wir* 
temburg^  London^  and  Brandenburg^  employ  an 
equal  weight  (ni)  of  tartar  and  of  the  metallic 
matter;    the  Edinburgh  and  Parts  double  ibai 
quantity  :  there  is  alio  a  difierence  with  refped  tm 
Ae  quantity  of  water.    In  the  Vienna  and  £dia- 
burgbdifpen&tortesy  la  parts  of  water  are  order- 
ed to  one  of  tartar ;  6  in  the  Wirtemberg ;  and 
in  the  reft,  fo  much  as  is  fufficieni  for  folution^ 
The  mixture,  being  digeftcd  for  a  day  or  two,  i$ 
hfoikd  until  the  Urtar  is  completely  diiblved,  a^ 
cording  to  the  .inftrudions  of  the  Brandenburg 
^pmfatory^  and  moft  others;  but  the  P^is  di« 
reds,  in  exprefs  words,  il  hours,  the  Ediaburgh 
to,  and  the  London  half  an  hour.    Alter  filtra- 
tion, the  Ratifbon  and  London  requira  cryfbUi^ 
jMtimi}  the  reft  evs^xsmition  to  dryn^    In  the 
•Id  Stoddbolm  difpenfitfory,   one  ounce  of  glafir 
ef  antimony  is  deflagrated  with  two  drachms  of 
crude  nitre ;  one  drachm  ctf  alkali  of  tartar,  and 
•inc  ounces  of  pure  water,  are  then  added ;  the 
whole  is  bdled  to  drynds  in  an  iron  pot,   (h^ 
mats  reduced  to  powder ;   warm  water  is  poured 
im ;  it  is  filtered ;  and,  being  evaporated  to  dry- 
ncls^  is  ftrongly  heated  on  an  unbumed  brick* 

The  above  will  be  fufficient  to  (hew  the  diia*' 
pcemcQl  of  the  di^cnfatcories  :   indeed,  to  Gom« 

(m)  VkL  Difpcnt 
Vojul[;i  C  Q  parr 
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pare  the  differences  minutely^  would  exceed  tiie 
bounds  of  fuch  a  Treatife  as  this.  We  mafy 
however,  obferve  another  method  formerly  in  vkf 
for  the  purpofe  of  exciting  vomiting,  which  is  ia 
itfelf  fufficiently  commodious,  if  it  were  fuffidendf 
txz& : — ^wine  was  fet  to  ftand  for  a  flight,  in  a  cop 
made  of  regulus  of  antimony  and  tin ;  or  eUb  balk  of 
this  metal,  which  were  called  perpetual  pills,  were 
fteeped  in  wine  for  a  certain  number  of  honrii 
What  judgement  is  to  be  formed  of  thefe  contri- 
vances, the  following  experiments  will  (hew :  whca 
we  coniider  the  diiagreements  above  mentioiied, 
and  others  that  might  be  adduced,  we  fluD 
ceafe  to  wonder  at  the  uncertain  e£Fed  of  emcdc 
tartar. 

Upon  accurate  examination,  we  (hall  kt  tktf 
the  weaker  of  thefe  preparations  contains  fcarcdif 
five  hundredths  of  the  metal,  while  the  (boogff 
have  upwards  of  0,24.  Hence,  then,  uppcantic 
neceflity  of  determining  the  bafis  and  the  nai- 
ftruum  in  fuch  a  manner,  by  accurate  experimcotf 
that  this  medicine  may  always  pofleis  the  £une  pro- 
perties, and  the  (a'me  dq;ree  of  (farengtlu 

S  IV,    Tht  Bafe  to  be  chofen. 

The  hepar,  the  crocus  metaltorum,  and  die 
gla{$  of  antimony,  are  the  fubftances  gcocnlif 
made  ufe  of  as  the  bafis  of  tartar  emetic.   Wc 
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tnuft  firft  inquire^  whether  thefe  three,  prepared 
according  to  the  ufual  formula,  a&ually  contain 
the  fiunc  quantity  of  pblogifton ;  for,  adcording 
to  the  variation  of  that  principle,  a  greater  ot 
duller  portion  of  the  metallic  regulus  will  be  di& 
fblved  in  the  fame  quantity  of  menftruum  i  and 
of  cottrfe  the  emetic  power  will  vary.  That  he« 
par  which  is  prepared  with  a  larger  proportion  of 
nitre,  neceflarily  lofes  more  of  its  phlogifton  than 
that  in  die  preparation  of  which  lefs  nitre  has  bceii 
employed ;  and  even  although  an  equal  quantity 
of  nitre  and  antimony  be  (as  is  ufually  the  cafe) 
employed  for  this  purpofe,  it  (Ull  depends  upon 
odier  circumftances,  whether  the  regultne  part  be 
zQcd  upon  at  all,  and  in  what  degree^  The  de- 
flagradon  is  performed^  cither  by  throwing  th6 
•nitre  and  antimony  into  a  hot  crucible,  or  by  fet* 
ting  fire  to  the  mixture  in  a  cold  mortar  t  in  the 
former  cafe,  the  fulphur  is  more  quickly  deftroy- 
cd,  and  flies  off;  fo  that  the  metal  is  of  courfe 
niore  completely  deprived  of  its  phlogifton,  than. 
in  the  latter,  where  no  fufion  takes  place ;  and 
there  is  no  external  operation  of  fire  :  hence  the 
hepar  made  in  the  latter  way  is  red,  that  produ* 
-ced  by  the  former  method  rather  yellow.  But 
though  the  proceis  were  univer(ally  eondufled  in 
a  crucible,  it  is  impofliblc  at  all  times  to  apply  th4i 
rcrj  fame  degree  of  fire ;  nor  can  the  difference 
of  degrees  be  poflibly  afcertained  :  to  that,  from 
this  drcumftance  alone,  the  produ^  ,muft  differ 
C  c  2  cffentiallyi 
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eflentiaily  ;  add  to  which,  that  the  nitre  and  crude 
antimony  cannot  be  mixed  together  To  evenly,  but 
that  in  one  part  the  nitre  will  prevail,  in  anotber 
the  antimony ;  and  hence  alfo  a  variation  in  the 
product  muil  neceflariiy  take  place  ; — and  the  mr 
tural  confequence  of  this  variation  b,  that  the  re- 
gulus  is  fcarce  ever  a&ed  upon  twice  in  cza^y  the 
ikme  manner. 

All  the  above-mentioned  (Ufierenccs  arifing  ia 
the  preparation  of  hepar,  afte£l  in  the  very 
fame  manner  the  produ&iQn  c^  the  crocus  metalr 
3orum ;  the  latter  being  no  other  than  the  rcfi- 
duupi  of  the  former,  infoluble  in  water.  Befidcti 
another  variation  in  this  preparation  may  arife 
from  the  difference  of  accuracy  in  wafliing ;  foc^ 
on  tlxis  account,  more  or  leis  remains,  whidi^  bf 
encreafmg  the  weight,  and  abforbing  the  adi 
not  only  weakens  the  ftrength  of  the  menftruuo^ 
but  prevents  the  fame  weight  of  it  from  containi^ 
always  the  fame  quantity  of  antimony. 

Glafs  of  antimony  is  obtained  from  the  fuU 
calx  of  this  metal.  Now,  as  the  rcgulus,  the 
crude  antimony,  and  other  preparations,  may 
each  be  calcined  by  means  of  fire ;  and  as  al 
thcfe,  according  to  circumftanccs,  and  the  tOr 
ture  of  the  preparation,  lofe  phlogifion  in  it 
fercnt  degrees,  it  follows  inevitably,  that  die 
glaCes  made  of  the  calx  muft  differ  much  bom 
each  other. 

But,  fuppole  the  crude  antimony  always  vSA 

6m 
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for  this  purpofe,  as  many  direft  it  to  be,  yet  even 
in  this  cafe  we  cannot  be  fure  that  the  fame  forCe 
of  fire  has  been  employed;  and  as  that  varies,  the 
calx  may  fometimes  be  fo  hr  deprived  of  phlo- 
gifton,  as  to  be  vitrified  with  great  difficulty,  and 
Ibmetimes  retain  fo  large  a  portion  of  the  inflam- 
mable principle  as  to  refemble  the  hcpar  in  fufion, 
rather  than  the  glafs ;  and  between  thefe  two  ex* 
tremes  there  are  innumerable  intermediate  de« 
grees.  When  we  confider  every  thing  attentive- 
ly, we  fliall  ccafe  to  wonder  at  the  difTtrent  def- 
grees  of  tranfparency,  and  the  different  colours  of 
the  glals. 

Hence  we  may  conclude,  that  neither  the 
hcpar,  the  crocus,  nor  the  glafs,  can  fupply  a 
bafe  for  emetic  tartar,  which  will  be  always  fi- 
milar  to  itfelf ;  and  therefore,  that  they  are  to 
be  avoided,  if  a  more  proper  fubftance  can  be 
found. 

It  may  perhaps  be  thought,  that  the  regulus  is 
jprcferable  to  thofe  fubftances  which  are  moft  in 
life  ;  but  even  if  we  were  in  poflfefEon  of  a  fure 
method  of  r^ulating  the  fire  in  the  preparation  of 
the  regulus,  fo  that  it  fliall  always  be  of  the  fame 
nature;  and  although  we  alfo  had  a  fure  and  com- 
modious method  of  meafuring  the  folvent  power  of 
the  menflruum,  yet  it  remains  to  be  determined 
by  experiment,  whether  antimony,  in  its  reguline 
fiate,  can  communicate  an  emetic  quality  to  acid 
fiquors. 

C  c  3  Boiling 
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Boiling  vinegar  indeed  attacks  it;  but  for  ^ 
acid  of  tartar,  fee  f  vi.  a.  vii.  a.     Many  per- 
fons  extol  the  virtues  of  wine  which  hag  lain  in  i 
cup  of  the  regulus,  and  had  the  powdered  regu- 
lus  deeped  in  it  for  14  hours ;  but  in  this  inftanoe 
an  error  may  readily  conceal  the  truth :  for  mi- 
nute  particles  of  the  powdered  regulos  may^  on 
account  of  its  micaceous  texture,  be  eafity  fof* 
pended  in  the  liquor,  and  therefore  may  be  foot- 
times  fwallowed :  beiides  the  regulus  when,  d* 
thcr  by  means  of  too  much  fire,  it  is  cxtemaBy 
deprived  of  a  portion  of  its  phlogifton,*  or  mixe^ 
either  internally  or  externally,  with  an  hepar,  it 
may  comrnqnioate  to  wine  an  emetic  quaKty,  al- 
though the  reguline  part  itfelf  contributes  noching 
to  it.    In  order  to  obtain  a  decifive  condufioOi 
the  regulus  (hould  be  often  well  fufed  with  a  fix- 
ed alkali,  and  then  well  waflied  with  vinegar;  b^ 
fides,  the  wine  which  is  decanted  off  ihouUbc 
Altered  through  paper ;— -this  1  never  had  an  op- 
portunity of  trying  more  than  twice.     I  ftccped 
the  regulus,  eliquated  according  to  the  Loodoa 
difpenfatory,  divided  into  fmall  peces,  and  vel 
walhcd  in  RheniOi  wine,  and  kept  the  bottle  do- 
fed  in  a  moderate  heat  for  fix  days :  the  wine,  af- 
ter filtration,  did  not  (hew  the  flighteft  token  of 
an  emetic  virtue. 

Of  all  the  antimonials  none  deferve  ib  mvA 
attention  as  the  powder  of  Algaroth,  which  vas 
feme  time  fince  thought  well  adapted  to  tlus  par* 

pofe 
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pofe  (»)«— The  following  experiments  wiQ  ferve  f 
tbew  its  nature  more  completely.  It  is  obvious, 
that  if  3  parts  of  crude  antimony,  and  4  of  cor- 
rofive  fttblimate,  be  mixed  together,  by  means  of 
beat,  and  a  double  elcdive  attradion,  a  double 
exchange  will  take  place ;  for  in  the  corrofive  fu- 
Wmate  there  is  calcined  mercury,  and  in  the 
crude  antimony  the  regulus  combined  with  ful- 
phur :  during  the  operation  the  antimony  yields 
its  phlogifton  to  the  calcined  mercury,  which 
thereby  becomes  quickfilver,  and  in  its  turn  yields 
its  marine  acid  to  the  antimonial  cabc.  This 
compound  pafles  over  into  the  recipient,  under 
the  name  of  butter  of  antimony ;  and  if  at  length 
the  heat  be  much  increafed,  cinnabar  is  formed, 
confifting  of  the  fulphur  of  the  crude  antimo- 
ny umted  with  the  mercury.  We  muft  take 
particular  notice  that  neither  the  regulus  of 
anomony,  nor  of  any  other  metal,  can  be  taken 
up  by  acids,  until  it  b  to  a  certain  degree  depri- 
ved of  its  phlogifton ;  and  that  degree  is  various 
in  various  cafes,  as  I  have  elfewhere  demonftra- 
ted(o> 

Butter  of  antimony,  dropped  into  water,  is  in- 
llantly  decompofed ;  the  water  feizes  the  greater 
part  of  the  marine  acid,  and  the  dclerted  metal 
falls  to  the  bottom  in  the  form  of  a  white  pow* 


(«)  By  Macquer. 
ukJf)  Dc  Attr.  Elca. 
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4/tt :  this  powder  was  formerly  kaaWB  isy'liM|iB» 
^r  of  fingular  names^  to  which  it  had  little  idtbs^ 
iMit  is  now  generally  called  powder  of  Algirodit 
in  honour  of  Vittorio  Algarotu,  an  IfiaKati  phy 
fician,  who  has  been  very  lavifli  in  praifls  x£  it* 

In  this  operation  the  antimony  is  conftaody  a£b« 
cd  upon  in  the  fame  manner  by  the  marine  addt 
and  coniequently  always  lofes  an  equal  quantky  of 
its  phlogi((on,  which  is  a  circumftance  Tciy  iBttch 
to  our  purppfe.  How  well  foevcr  this  preci{Mtate  be 
wafhed,  tho'  with  warm  water,  yet  (till  a  fmall  qaaiH 
(tity  of  the  acid  adheres,  as  appears  from  hence,  that 
fipon  diftillation  a  fmall  portion  of  butter  <^  aod- 
mony  comes  over  into  the  recipient ;  but  the  ^ai 
admiAture  may  be  avoided  by  (aturating  it  grad» 
ally  with  oleum  tartari  per  deliquium ;  for  in  dm 
cafe  the  more  minute  and  white  particles  &il  to 
the  bottom,  which  can  only  be  had.  by  walkiii{ 
with  an  alkali.  This  is  indeed  more  foliiUe  diaa 
the  former  obtained  by  water,  but  fuppofes  a 
complete  decompofition,  which  yet  is  not  always 
obtained ;  at  kali  there  is  in  this  cafe  room  for 
fraud,  as  this  mcthpd  is  more  expenfive  and  molt 
troublefome. 

The  precipitate  obtained  by  water,  aidKMigh 
lefs  in  quantity,  is  yet  pcrfcrftly  foluble,  and  thett* 
fore  1  prefer  it,  as  being  lefs  liable  to  variatioB; 
and  we  (hould  not,  without  urgent  neccllity^  oaon 
fide  i;i  the  fidelity  of  the  operator. 
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'  The  argemiae  dpveis  are  juftly  enomerated 
lunong  the  beft  prqxuratioiu  of  antimony ;  bat 
tbe  frqaiadon  of  thefcy  although  more  difficiil^ 
yet  fiorms  a  leis  ceitain  bale  for  emetic  tartar  than 
thcfQwder  of  ^garoth  docs# 

$  V.    The  prefer  Menflnam. 

From  khe  lime  that  this  medicine  firft  becamt 
known,  to  the  prefent  day»  tartar  has  been  almoft 
every  where^  and  at  all  umes,  ufed  for  the  mcn^ 
ftroum  (/^);  however,  as  this  (alt  is  not  a  pint 
ackU  but,  as  chymical  analyfis  and  fynthefis  fbew^ 
a  fort  of  tartarizcd  tartart  with  a  deternuBate  fii^ 
perabmidance  of  acid,  it  is  to  be  confidered  that 
we  arc  not  yet  certain  whether  the  fuperabmidant 
fedd  alone  a£b,  or  whether  tbe  other  ingredicntt 
contribute  any  thing.-^I  am  now  to  relate  the  ex# 
ftrimcnts  which  i  made  to  determine  that  points 

J  VI.    Power  of  the  Acid  of  Tartar^ 

The  firft  trials  were  made  with  pure  a^id^^) 
ef  ^nar>  of  which  the  fpccific  gravity  was  to  tlui( 
4of  diftillcd  water,  as  1,230  to  looo. 

(/)  Tbe  old  Stockholm  Fhanincop<m»  after  ZweUb, 


(q)  Reu  has  dcfcrilved,  in  tbe  Stock.  Tra«il  tke 
|]u>d  of  pbuibiug  tbe  purf  acid  of  %m\^*  .  r^^' 

(aJ  The 
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(a)  The  following  experiments  were  made  witfa 
regulus  of  antimony,  prepared  according  to  the 
London  difpenfatory,  and  reduced  to  a  Tcry  fub- 
tile  powder.  One  part  of  this  was  boiled  for 
twenty  minutes  in  a  phial,  with  25  of  the  above* 
mentioned  acid»  then  filtered,  and  fet  in  a  cold 
place ;  it  was  afterwards  further  evaporated,  when 
a  fait  concreted  in  the  form  of  crufts  and  fiir* 
rowed  pieces,  which  in  the  fire  exhibited  the  lame 
properties  as  cryftallized  tartar,  without  any  yi« 
fible  antimonial  fmoke.  For  the  better  under- 
ftanding  of  this,  we  muft  explain  the  peculiarities 
of  this  acid  when  expofed  to  fire  upon  charcoal, 
by  means  of  the  blow- pipe. 

The  cryftals  of  this  acid,  which  are  formed  bj 
flow  evaporation,  refemble  thin  tranfparent  lamel- 
lae, irregularly  fituated  in  a  way  which  is  called 
ceHular  by  mineralogifts.  As  foon  as  the  external 
fiuftuating  part  of  the  flame  reaches  the  cryftal^ 
they  immediately  liquify,  and  form  a  mafs  pellu« 
cid  like  water ;  this,  when  expofed  to  tl)e  blue 
conical  nucleus  of  the  flame,  foams  with  a  loud 
f^ti  and  after  the  expulfion  of  the  water  grows 
Jblack,  fends  forth  firft  a  fmoke,  then  a  blue 
flame,  and  leaves  a  quantity  of  fpongy  fcoriae; 
which  diminifhing  more  and  more  by  the  cxtre- 
inityof  heat,  at  length  become  entirely  white: 
this  refiduum  eafily  diflblves  in  acids,  and  chan« 
ges  the  blue  juices  of  vegetables  green,  in  the 
^ojie  manner  as  alkalis  do }  and  this  is  alfo  tkt 

cafe 
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ofe  vnth  thbfe  parts  which  have  not  been  tried 
upon  the  cod.  From  an  attentive  confideration  of 
thefe  circumftances,  it  appears  that  this  acid  has 
but  little  effed  upon  the  metal  in  its  regurme 
ftate ;  and  the  powder  colleded  upon  the  filter, 
not  being  diminiihed  in  weight,  confirms  this  oj^ 
nion. 

(b)-  Hepar  of  antimony,  prepared  with  an 
equal  quantity  of  nitre,  was  put  to  the  proof  with 
the  fame  quantity  of  acid,  and  in  the  fame  man* 
ner,  except  that  it  was  only  boiled  fifteen  mi- 
nutes ;  but  the  rrfiduum  was  the  very  fame  with 
that  defcribed  in  the  laft  experiment,  both  with 
refped  to  cryftallization  and  habit  with  rega  d  to 
fire,  with  this  fingle  diflference,  that  the  refiduum 
on  the  coal  is  of  a  reddifh  brown. 

(c)  One  part  of  crocus  metallorum  was  boiled 
in  fix  of  the  acid,  diluted  with  water,  for  the  puiu 
pofe  of  evaporation;  this,  when  filtered,  after 
fourteen  days  depofited  a  faline  radiated  mafs, 
which  gave  out  fomewhat  of  an  antimonial  fume, 
when  expofed  to  the  blow-pipe. 

(d)  One  part  of  glafs  of  antimony  boiled  for 
30  minutes  with  25  parts  of  acid,  filtered  and 
evaporated,  feparated,  on  the  furface  of  the  li* 
quor  in  the  veflel,  fmall  cryftalline  grains ;  but 
all  the  reft  grew  gradually  hard,  and  formed  a 
gelatinous  mafs  much  refembling  cherry  tree  gunu 

This,  when  expofed  to  the  fire,  exhibited,  be- 
fides  the  phaenoincna  of  acid  pf  tartar,  not  only 

a^ 
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an  intenfc  antimonial  (moke,  but  feveral  metaSc 
iprains*  The  gelatinous  matter,  and  die  cryftal- 
line,  poflfefled  the  fame  properties. 

(k)  One  part  of  diaphoretic  stfttimonji  boiled 
,30  minutes  with  25  of  acid,  and  treated  as  the 
.above  folutions,  yielded  at  length  a  white  (aline 
matter,  which,  expofed  to  flame,  fends  forth  a 
little  antimonial  fiime ;  and  the  reliduum  is  <tf  a 
brownifti  colour. 

.  (f)  One  part  of  materia  perlata,  boiled  15  mi- 
Antes  with  30  parts  ^f  acid,  yielded  a  fidine  cruft, 
irhich,  expofed  to  heat,  produced  to  antimonial 
fiime,  and  a  ytllowifli  brown  porous  ftibftancc 

(g)  One  part  of  powder  of  Algaroth  was  bdil- 
cd  30  minutes  with  9  parts  of  acid,  and  then  ffl- 
tered 

This  fdution,  in  a  digeffing  beat,  became  all 
gehitinous;  but  afterwards,  in  a  cold  fdace,  by 
means  of  an  air  fomewhat  moid,  became  elegant*- 
}y  ftreaked  by  various  rays  and  branches.  This 
gelatinous  matter,  when  expofed  to  flame,  fwells 
violently,  and  yields  a  copious  antimonial  fume, 
but  tio  metallic  grains. 

At  another  time,  one  part  of  the  fame  powder, 
{Nreciintated  by  water,  was  boiled  for  an  hour  widi 
5  parts  of  acid ;  this  was  diflblved  without  any 
f  efiduum ;  and>  on  flow  evaporation,  yields  irre- 
gular cryftals. 

(h)  Although  in  the  foregoing  fidutions  the 
mcid  abounded  very  much,  a  good  deal  of  the 

metal 
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metal  remwied  undiflbhred,  notwitbftanding  die 
boiling:  1  attempted  to  faturate  the  powder  of 
Algaroth ;— -for  this  purpofi:  one  part  of  the  pow- 
der was  boiled  two  hours  with  three  of  acid^ 
when  there  was  no  longer  any  refiduutn;  not* 
withftanding  which»  the  folutton  retained  an  acid 
tafte»  and  changed  the  blue  juic»  of  vq^etahlcs  to 
a  red. 

Thefe  experiments  fliew  plainly,  that  the  add 
of  tartar  alone  has  fcarce  any  power  in  diflolving 
this  femi-metal,  b  long  as  this  laft  pofieflcs  its  full 
proportion  of  the  inflammable  principle ;  but  that, 
in  proportion  as  this  principle  is  diminifhed,  the 
metal  is  more  fitted  for  foludon :  this,  however, 
is  to  be  underftood  within  certaun  limits ;  for  al- 
though diaphoretic  antimony,  beyond  doubt, 
contains  lefs  phlogifton  than  the  glafs,  yet  no 
confiderable  difference  takes  place  between  them 
with  rcfpcd  to  folubility. 

$  Tii«      ^ntimonials  diffohed   by    tart  arize d 
Tartar. 

Tartarized  tartar  being  a  neutral  (alt,  it  does 
not  at  firft  appear  probable,  that  it  can  pofleis  the 
property  of  diflolving  metals  and  other  fubftances; 
yet  the  following  experiments  prove  that  it  adual- 
ly  does  poflefs  fuch  a  property. 

(a)  One  part  of  the  regulus  was  boiled  40  mi- 
luites  with  8  parts  of  tartarized  tarur  diflolved  in 

pure 
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pure  water,  and  after  filtration  was  fet  in  a  cool 
place ;  a  congeries  of  numerous  cryftals  was  foon 
formed  at  the  bottom ;  a  piece  of  this,  ezpofed 
to  the  fire,  fwelled  and  grew  black ;  its  former 
colour  changed  to  a  white ;  at  length  the  whole 
mafs  was  abforbed  by  the  charcoal,  in  the  lame 
manner  as  happens  to  crude  tartar ;  and  this  oc- 
curs without  the  flighteft  veftige  of  antimony. 

(B)*One  part  of  liver  of  antimony,  treated  in 
the  fame  manner  with  tartarized  tartar  for  30  mi- 
nutes, produced  the  fame  phamomenaas  (A)a« 
bove. 

(c)  One  part  of  crocus  metallorum  boiled  two 
hours  with  8  of  the  fame  (alt,  give  tokens  of  an- 
timony, but  very  obfcure. 

(d)  One  part  of  giafs  of  antimony,  boiled  45 
minutes,  with  8  of  the  (alt,  feparated,  upon  e?a« 
poration>  a  fubftance  compofed  of  falme  fpicubc; 
which,  when  expofed  to  flame,  fwelled  much,  and 
yielded  many  reguline  grains. 

(e)  Diaphoretic  antimony,  fubjeded  in  the 
fame  proportions  to  the  experiment  for  35  mi« 
nutcs,  exhibited,  upon  cryftallization,  the  £ime 
phaenomena  as  in  (c). 

(f)  One  part  of  powder  of  Algaroth,  boiled 
10  minutes,  with  5  of  the  fdt,  and  filtered,  yield* 
ed  cryftals  of  two  different  forts,  one  of  which 
confifted  of  complete  tetraeda,  and,  cxpofixl  to 
flame,  yielded  a  great  number  of  metallic  grains ; 
the  other  relembled  faline  fpiculac,  and  feemed  to 

.   be 
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be  no  other  than  crude  tartar ;  and  this  being 
with  difficulty  leparated  from  the  former^  Iboic* 
times  exhibited  marks  of  antimony. 

In  another  experiment,  two  parts  and  a  half  of 
tartarixed  tartar  were  laturatcd  by  half  an  hour's 
boiling  with  one  of  Algaroth,  and  formed  a 
browniih  red  folution,  which  gave  a  flight  red 
dnge  to  tindure  of  tumfble,  and  evaporated  to 
dryncfs,  exhibited  cryftalline  grains,  amounting 
Co  three  parts  and  an  half. 

Hence  it  is  fufficiently  evident,  that  tartarized 
tartar  can  a&ually  diflblve  antimony,  although 
diatlakhad  been  purpofely  prepared  in  fuch  a 
manner  that  the  alkali  fliould  prevail,  to  avoid 
deception  from  fuperabundant  acid ;  befides,  the 
extraordinary  agreement  of  this  with  the  acid  of 
tartar,  appears  from  hence,  that  both  menftrua 
aft  citiier  not  at  all,  or  a  little,  or  much,  upon  the 
^ery  lame  preparations* 

$  VIII.     jintimonials  diffbhed  by   Cream  of 
Tartar. 

The  different  ftrength  of  the  tartareous  acid, 
«[id  of  tartarized  tartar,  being  examined,  we 
might  in  fome  meafure  judge  from  thence,  of 
the  efficacy  of  tartar  which  is  compofed  of  thele 
two ;  but  any  reafoning  of  that  kind,  not  con- 
finned  by  experiment,  mud  be  £adlacious. 

(a)  Two  parts  of  liver  of  antimony,  boiled 

with 
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vnth  one  of  tartar,  after  the  crjflak  that  fiift 
formed,  yielded^  nothing  but  an  infi{Nd  Mix 
gum. 

(b)  One  part  of  crocus  m^lorum^  boiled 
vhh  eight  of  tartar,  cemented  into  a  gummy  liib* 
fiance  of  a  brownifli  yellow  colour. 

(c)  One  part  of  glafs  of  antimony  requtveial 
leaft  three  of  tartar ;  if  it  then  be  diflblved  by 
boiling,  it  will  yidd  cryftals. 

(d)  Three  parts  of  diaphoretic  antimony,  made 
of  regulus,  united  by  boiling  with  two  parts  of 
tartar,  on  evaporation  yielded  at  firft  fome  ay- 
ftals,  the  refiduum  was  a  gum,  which,  wboi  wd 
dried,  did  not  attrad  moifture» 

(e)  Tartar  fcarcely  a£b  upon  materia  pcrhca*^ 

(f)  Two  parts  of  Algaroth's  powder  obtained 
by  water,  require  feventy  of  tartar ;  if  there  be 
more  of  the  menftruum,  and  the  prc^r  quantity 
of  water,  difQpated  by  evaporation,  the  fupeia* 
bundant  tartar  concretes,  containing  no  more  an- 
timony than  that  which  is  held  by  the  water  of 
the  cry  ftals:  this  combination  reddens  turnfolc} 
on  evaporation  it  firft  depofits  cryftals,  and  then 
•xhibits  a  clear  jelly  ;  a  large  quantity  of  water 
gradually  dccompofes  it  by  iieparati^g  the  aotioiQ' 
fiial  calx. 

(g)  Two  parts  of  the  argentine  flowers,  hoiki 
with  one  of  tartar,  yield  cryfhds,  but  no  gm: 
the  cryftals  amount  to  about  one  fiftb  oi  ^ 
weight  of  the  antimony* 

Ch) 
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(h)  Bezoar  mineral  is  not  diilblvcd ;  but  anti« 
moDy^  diflblved  in  a  propct  aqua  regia,  and  pre- 
dpitated  by  fixed  alkali,  is  readily  zQtcd  upon, 
and  forms  cryftals. 

In  general,  to  expedite  the  folution  of  antimo- 
nials,  we  may  ufe  partly  a  fixed  alkali,  and  partly 
borax. 

Argentine  flowers  fufed  with  one  half  of  mine- 
ral alkali,  nm  together  into  a  yellow  mafs,  cover- 
cd  with  a  green  cruft :  three  parts  of  this,  redu- 
ced to  powder,  are  diflblved  by  one  of  tartar,  and 
the  whole  ma(s  becomes  gummy. 

If  one  part  of  tartar  be  added  to  one  half  of  fp- 
datiie  iak,  three  parts  of  this  combination  take  up 
cmc  of  glaft  of  antimony,  and  form  a  gum,  which, 
bong  carefully  dried,  fplits  intd  a  yellow  powder, 
which  is  laid  to  excel  common  dmetic  tartar,  both 
in  yirtue  and  iblubility :  but  tartar  is  not  by  this 
artifice  rendered  more  capable  of  diflbhrmg  either 
regulus,  crude  antimony,  or  argentine  flowers, 
than  the  tartar  alone  is. 

Borax  firft  calcined,  and  melted  with  an  equal 
quantity  of  crocus  metallorum,  forms  a  mafs  of 
an  hepatic  colour,  five  parts  of  which,  mixed 
ttrith  eight  of  tartar,  diflblved  in  water,  inftantly 
generate  a  colour  like  that  of  kermes  mineral,  and 
leave  no  more  than  two  parts  undiflblved,  which 
aUb  refemble  the  kermes :  by  evaporation  we  get 
a  red  gummy  ialt. 
•     VojL.  I.  -  D  d  Tartarized 
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Tartarized  borax  attacks  crude  antimony,  fona- 
ing  a  tranfparent  gummy  ialt  of  an  amber  cdooTi 
one  part  of  which  unites  with  eight  parts  of  tartar, 
and  holds  them  diifolved. 

S  IX.    Preparhtion  of  an  antimomal  Etnetk^ 
which  may  be  depended  upon- 

The  foregoing  experiments  fumiih  us  with  tw« 
methods  of  preparing  an  emetic  of  deternuned  ef- 
ficacy. 

Let  powder  of  Algaroth  be  ufed  as  the  bafisi  as 
yt  always  contains  an  equal  quantity  of  phk)gtfioD» 
which  is  of  great  confequence  (§  v.) ;  and  let  dot. 
feparatcd  by  water  be  chofen,  as  it  is  more  ceitaia 
than  that  which  is  obtained  by  means  of  aDofi 
(§  iV.)  The  prefence  of  marine  acid  is  of  no 
confequence,  provided  the  quantity  be  always  the 
fame ; — ^and  let  the  menftruum  be  either  cream  of 
tartar  or  tartarifed  tartar:  either  of  the  (alts,  dins 
prepared,  will  afford  an  antimonial  medicine  far 
the  (hops,  of  a  conftant  and  determined  degree  of 
efficacy ;  but  as  they  differ  in  their  own  natoic^ 
and  in  the  quantity  of  matter  which  they  take  upb 
their  effcfts  muft  differ,  at  leaf):  in  degree,  i 
here  only  mean  to  invefligate  tlie  method  of  pr^ 
paring  medicines  which  fhall  always  pofle6  tk 
fame  degree  of  power ;  and  this  end  is  obtaiaeA 
by  both  thefe  operations.  It  belongs  to  the  pM- 
titioner  to  dcternune  the  ufc  of  tbelcj  and  to  Sr 

coftr 
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toTcr  whether  there  be  fo  great  a  diflference  be^^ 
tween  them,  that  it  is  neceflkry  to  b^  provided 
vnth  both ;  or  whether  one  of  them  may  not  an* 
fwer  the  purpofe,  by  varying  the  dofe.  In  the 
mean  dme,  I  fubjoin  the  method  of  properly  pre- 
paring  the  two }  and  firft  of 

Antimoniated  tartar  T'-AtX  five  ounces  of  cream 
of  tartar,  reduced  to  powder,  and  two  drachms 
and  an  half  of  powder  of  Algaroth,  precipitated 
by  warm  water,  waflied,  and  dried,  be  gently 
boUed  in  a  gla&  veflcl  for  half  an  hour,  in  half  a 
kanne  of  water ;  this  being  done,  there  generally 
remains  a  finall  quantity  of  a  blackifh  mercurial 
powder.  I  do  not  faturate  the  tartar  completely, 
as^  in  that  cafe,  fome  of  the  folution  turns  to  a 
gdatinous  matter^  and  the  fait  refulting,  being 
long  fufpended  in  the  water,  is  more  eafily  de« 
Gompofed,  which  occafions  confidcrable  inconve-» 
nience  in  practice  (§  vrii.  f.):  befidcs,  the 
weight  of  a  weaker  medicine  being  greater,  its 
qoandty  may  be  afcertained  with  more  accuracy  ; 
and  it  may  be  taken  at  different  times,  \Krithout 
any  danger :  let  the  filtered  folution  be  evaporated 
ID  an  open  veflel  (not  metallic)  till  a  pellicle  ap 
pears ;  let  it  then  be  kept  in  a  digefting  heat  till 

_cryftals  form,  which  muft  be  taken  away  by  de- 
^l^rces,  and  dried  on  moiftened  bibulous  paper ;— « 

L  ill  the  clear  cryftals  are  equal  in  weight  to  the 

tartar  employed:  the  more  purely  faline  crufb 

-didhering  to  the  fidea  of  the  veflel^  amounting  to 

D  d  a  abouc 
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about  half  an  ounce,  are  to  be  well  wafiied  off 
with  cold  water,  and  kept  by  themfelves — the  laft 
red  and  thick  lixiviutn  muft  be  thrown  away. 

Tartjrifed  tartar  antimoniated  : "^Vx  ten 
ounces  of  tartarized  tartar,  and  three:  drachms  of 
Algaroth's  powder,  prepared  as  in  the  laft  pro- 
cefs,  be  boiled  in  a  gla(8  veffel  for  half  an  hour, 
with  one- fourth  of  a  kanne  of  water:  let  thefo- 
lution  be  filtered,  evaporate  the  browniih  red  lis* 
viu^n  till  a  pellicle  appears,  ezpofe  it  then  to  a  di- 
gefting  heslt,  and  cryftais  will  feparate  by  degrees; 
thefe  mud  be  dried  upon  wet  bibulous  paper:<- 
when  collected  they  only  equal  half  the  weight  of 
the  menftruum ;  the  faline  crufts,  which  may  be 
purified  by  wafhing,  fcarcely  exceed  one  tenth  of 
the  tartarized  tartar — the  reft,  together  with  ths 
dark  red  lixivium,  fbould  be  thrown  away^' 

§  X.    Properties  of  antimotdated  Tartar. 

The  emetic  fait,  prepared  after  (he  manna  nov 
defcribed  (unlefs  the  natural  coalcfcence  of  Ac 
particles  be  fomehow  interrupted}  is  of  an  ofiie- 
dral  figure,  the  pyramids  fomewhat  more  donga' 
ted  than  thofe  of  alum ;  the  cryftais  arc  coloor* 
lefs  as  water,  and  either  wholly,  or  for  the  mrf 
part,  tranfparent :  the  antimony  conftituftes  aboi* 
a  third  of  their  weight ;  they  neither  crack  in  the 
atr,  nor  attrad  moiflure ;  but,  when  old,  iflii0^ 
an  opakc  whitcnefs :  expofed  to  flame  with  ^ 
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bbv-pipet  they  decrejMtatCy  biini»  emit  an  an- 
timonial  fume,  and  leave  upon  the  coal  fooie  me*, 
tallic  grams. 

In  a  moderate  heat  (15^)  diftilled  water  diflblves 
about  V^k^  own  weight,  or  nearly  three  grains, 
in  half  an  ounce ;  and  that  without  any  alteration, 
either  in  colour  or  cleamefs.  Tindure  of  turnfole 
18  icaccely  reddened  by  the  felution ;  alkalis,  whe- 
ther fixed  or  volatile,  cauftic  or  mild,  precipitate 
it ;  .thdifubtile  fiiiowy  powder  which  fcparates  ad- 
heres very  (ftrongly  to  the  glafs  veflels  in  which 
the  operation  is  performed. 
*  In  die  firft  lixivium  (§  ix.)  a  remarkable  differ* 
cnce  U;obierved  with  refped  to  this  precipitant ; 
for  if  it  be  entirely  pure  or  cauftic,  a  white,  fub« 
falcy.  and  very  fpongy  powder  is  leparated,  which 
fiibfiding,:  remains  unchanged ;  but  if  the  alkali 
be  mild,  after  a  few  hours  the  preci[utate  begins 
to  concrete  in  the  form  of  radii  diverging  from 
different  points,  refembling  thofe  figures  by  which 
fculptors  im&ate  the  fun :  but  if  the  folution  con- 
tainipg-  thpfe  radiating  mafles  be  expofed  to  an 
heat  o£  30^,  within  a  quarter  of  an  hour  the  fi« 
gures  difappear,  and  nothing  remains  but  a  fhape« 
lefs  powder. 

That  which  is  precipitated  by  common  fixed  al< 
kali  after  wafhing,  being  expofed  to  ffame,  be* 
trays  fcarcely  any  antimony :  it  leaves  a  white 
ipongy  mals  which  is  totally  foluble  in  marine  acid, 
t>ut  is  fo  far  from  being  diilblved  by  vitriolic  acid, 
D  d  3  that. 
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that,  by  that  acid,  it  is  precipitated  from  the 
rinc. 

A  like  precipitate  is  obtained  by  means  of  com- 
mon volatile  alkali :  but  that  which  is  obtained  by 
cauftic  volatile  alkali  does  not  exhibit  thcfe  figmres; 
gives  out  fcarcc  any  fmoke  when  cxpofed  to 
flame  ;  and  forms  an  afh-coloured,  fiifiblc,  but 
fixed  glafs:  lime-water  alfo  prcdpitates  it,  but 
the  precipitate  is  again  diffolved,  upon  ag^tatioo, 
unlefs  a  fufficient  quantity  of  lime-water  had  beco 
added  at  firit  ;^n  this  precipitation  too  die  figures 
appear. 

By  concentrated  vitriolic  acid  a  large  quandty 
of  white  matter  is  thrown  down,  which  again  dii^ 
appears  on  agitation;  if  oolleffced,  waflied,  and 
cxpofed  to  flame,  it  firft  grows  brown,  and  con« 
cretes  into  little  mafles,  which  afterwards  pre  out 
an  antimonial  fume,  and  are  confumcd. 

Hcpar  fulphuris,  dropped  into  the  fidine  folu- 
tion,  produces  a  fulphur  auratunu 

The  reddifli  yellow  colour  of  this  finvium  de- 
pends upon  iron,  as  is  cafily  fliewn  by  {dUogilh- 
cated  alkali,  which  immediately  generates  Piuffiaa 
blue. 


f  XI-    Proftrtt^s  of  tariarized  Tartar  anti- 
tnomated. 

Tartarized  tartar,  (tibiated,  forms  rarely  tctiae* 

^ral,  but  generally  o^acdral  cryftals,  if  fuford 
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to  cryftallize  freely ;  of  tbefe  fome  are  pellucid, 
and  void  of  all  colour,  others  have  a  little  opakc 
^whitdie& ;  the  habits  of  the  cryftals,  bodi  in  the 
air  and  fire,  are  the  fame  with  thofe  of  the  anti- 
moniated  tartar :  the  metal  forms  about  one-fifth 
of  their  weight.  Diftilled  water,  in  a  moderate 
heat,  takes  up  nearly  ^  its  own  weight,  that  is 
five  grsuns  in  half  an  ounce,  and  ftill  retains  its  co« 
lour  and  deamcfs  y  it  (hews  fome  £aunt  figns  of  a 
fuperabundant  add ;  the  alkalis  and  vitriolic  acid 
produce  the  lame  phenomena  as  we  dcfcribcd  in 
the  former  fedion ;  with  this  difference,  that  they 
are  produced  more  fparingly  and  (lowly,  and  that 
the  ^;ures  there  mentioned  do  not  in  this  cafe 
occur. 

The  Iblution  of  the  firft  boiling  is  of  a  brownifh 
red,  and  the  magiftral  lixivium  ftill  more  fo :  for 
experiment  lake,  a  litde  diftilled  pure  vinegar  was 
poured  in,  and  afterwards  a  fingle  drop  of  phlo- 
gifticated  lixivium,  and  in  an  inftant  the  blue  co- 
lour appeared :  the  iron  then,  in  this  cafe,  i^  pre- 
lent  without  an  acid;  for,  to  decompofe  the 
phlogifticatcd  alkali,  a  double  dedive  attradion 
is  required.  Many  of  the  laft  lixivia,  which  are 
red,  and  do  not  readily  form  cryftals,  doubtlefs 
owe  thdr  properties  to  dephlogifticated  iron. 

Whence,  in  the  prcfent  cafe,  this  metal  can 

come,  b  not  at  prefent  very  dear :   the  afhes  are 

indeed  boiled  to  drynds  in  an  iron  pot;    but  the 

D  d  4  cream. 
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cream  of  tartar  is  purified  in  brafi  veffds :  befidei, 
the  white  alkali  of  tartar,  when  boiled  in  a  glals 
veflel  ifrith  powder  of  Algarodi,  gave  alfo  la  brown- 
.  iSb  red-coloured  tinge. 
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5  I.    Brief  ISftory  cf'MagnefiiU         ,, 

AT  the  beginmng  of  the  prefcnt  cettaty,  a 
certain  ^anon  regular  foM,  at  Rome,  a  fort 
of  powder^  under  the  title  of  magnefia  alba,  or 
Count  Palma's  powder,  vhicb  he  affinted  to  be  a 
panacea :  but  die  preparation  of  it  was  fplicitoufly 
concealed  as  a  profound  fccret,  until  Mich.'Bendu 
Valentini,  in  the  year  1 707  {a\  difdofed  Ac  me- 
thod of  preparing  it,  by  calcination,  from  the  laft 
^xivium  of  nitre.    Two  years  after.  Job*  Hadr. 

{a^  In  a  diflertation  printed  at  Gtefla*      In  hU  Praxis 
fiedka^  he  calls  this  earth  th^  laiuUhum  foijcbreftum. 

Slcvoght 
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Slcvoght  (hi)  taught  another  and  more  cafy  me- 
thod of  procuring  it,  by  precipitation.  After  this, 
in  1717,  Lancifi  (f)wro^c  uppn  .t^isfubjcd;  ai 
alfo  did  Fred.  Hoffman  (d),  and  other  modems; 
From  that  time  the  ufe  of  this  powder  has  very 
much  increafed,  and  it  is  now  introduced  into  mod 
difpenfatories. 

Many  confidered  this  powder  as  calcareous 
earth,  as  they  were  not  acquamted  with  any  other 
which  effervefced  with  acids,  and,  above  alVbe* 
caufe  they  neglefted  all  further  examination.— 
However,  F.  Hoffman  obferved,  that  it  differed 
from  the  earth  prepared  frpin  crab&cyes,  fhellsof 
oyfters,  and  eggs,  in  this  particular,  that  all  thcfe, 
united  with  vitriolic  acid,  afford  an  infipid  fait; 
whereas  ^lagnefia .  produces  one  intenfely  bitter. 
At  length  the  nature  and  properties  oF  magncfia 
were  completely  elucidated  by  two  of  the  mod  ce- 
lebrated chymifts  of.  the  prcfcnt.age }  l.mqan  Dr 
Black,  of  Edinburgh,  who  publiihed  bis  cxperi* 
xnents  in  1755  (cf),  aiid  the  Principal  ot  the  aca- 
demy at  Berlin,  A.  S.  Margraaf,  who  publiihed 
lus  in  1759,  a^  it  fiould  yctm.  entirely  ignorant 
of  Dr  Black's  Eff^ys  (J  ).^  Both  thefe  gentlemen 
have  examined  the  natu]^  of  this  earth  with  the 

(b  In  a  diffcrtation  printed  at  Jena,  1 709. 
' '  '  '      [c)  Artnot.  in  Mercati  Mctalloth. 

(d)  Obf.  Phyfico-chcm. 

(e)  Edinburgh  Eifays. 

.  (/)  Mem-  Berlin.  .  ,   - 

utmoft 
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titmoft  accuracy  and  diligence ;  and  have  moft 
evidently  (hewn,  that  it  differs  altogether  from 
fime :  but,  contented  ^ith  difcovering  its  proper* 
ties  and  diftinguifliing  charaderiftics,  they  pa& 
over  its  gendis,  as  not  being  yet  afcr rtained  by 
undoubted  experiments.  It  is  certain  that  the  gc- 
nefis  and  reciprocal  tranfmutations  of  bodies  are 
fubjeds  fo  deep,  that  nothing  concerning  them 
(hould  be  determined  firom  a  flight  fimilitdde,  or 
rude  and  imperfeft  experiments ;  thcfe  being  mat* 
ters  which  are  only  to  be  eftabli(hed  by  the  agree- 
ment of  the  moft  accurate  analyfis  and  fynthefis* 
If  we  were  at  liberty  to  adapt  obfervations,  ex- 
periments, and  the  very  nature  of  things,  to  pre- 
conceived theories,  there  would  foon  be  an  end 
to  all  the  excellence  and  certainty  of  natural  phi- 
lofophy,  and  that  fcience  would  he  entirely  over- 
turned. 

I  (hall,  for  the  &ke  of  connexion,  briefly  re* 
late  the  difcoveries  of  thcfe  two  very  expert  chy- 
XBifis ;  but  my  chief  labour  (ball  be  employed  con- 
cerning thole  circumftances  which  they  have  either 
omitted,  or  touched  upon  but  (lightly. 

§11.    Preparation  of  Magnejia. 

This  powder  may  be  prepared  in  many  diflTerent 
ways ;  the  moft  pure  is  that  precipitated  from  £p- 
fom  (alt :  fcarcely  more  than  halt  the  weight  of  al- 
kali of  tartar  is  requifite  \  but  as  that  fait  is  expen- 

five^ 
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&ycj  pot-a(h€s  are  generally  ufed  :  howevtr,  ai 
thefe  are  commonly  mixed  with  vitriolated  tartar, 
and  with  filiceous  earth,  nearly  an  equal  quantity 
is  neceflary :  both  the  falts  fhould  be  dilToWed  in 
at  leaft  a  double  quantity  of  pure  w^ter ;  after  fil« 
tnatipn^  they  are  to  be  mixed  and  boiled,  then  fet 
to  (land  at  reft^  until  a  powder  precipitates ;  the 
dtear  water  is  then  poured  off,  and  frefli  warm 
^fmter  added ;  this  ag^in  is  to  be  poured  off,  and 
the. operation  repeated,  until  the  precipitate  is 
fipeedfroni  all  the  heterogeneous^  matter,  which 
pan  be  waflied  away  by  water ;  finally,  the 
whole  refiduum, ,  is  to  be  dried  upm  s^  filter  or  a 
cloth*  .:,.-:. 

•  ioo:parts  of  Spfom&It  produce  fibout42of 
aerated  magnefia;  but  oi^  25  of  n^s^efi^  which 
does  not  effervefce  with  acidis;  this,  difference 
depends  upon  the  precipitating  alkali,  as  it  is  iatu> 
rated  with  or  deprived  of  aerial -acid^  :  In  the  for- 
mer cafe,  58  parts  of  alkali  are  requifite ;  in  die 
latter,  about  45  ;-*-the  filtered  liquor  yields  about 
52  of  vitriolated  veget^e  alkali. 

The  rationale  of  the  operation  is  this  >^-Ac 
double  portion  of  water,  added  to  the  two  ialts  to 
be  mixed,  is  not  only  fufficient  to  di^blve  them, 
but  alfo  the  vitriolated  alkali  whi(:h  is  generated 
l>y  th6  mixture.  The  vitriolic  acid  bf  the  Epfom 
ialt  attacks  the  alkali,  and  expels  the  aerial  acid, 
if  any  be  prefent,  which  unites  intimately  with  the 
^efe^ted  magnefia ;  but  the  boiling  prevents  the 
,  xn9gnef» 
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tta^nefia  from  being  diflfoived  in  the  water,  by  a 
iuperabundance  of  the  aerial  acid.    By  calculation, 
58  parts  of  alkali  of  tartar  contain  about  13  of  ae« 
rial  acid  J  io|  of  which  are  juft  fufficient  to  fa^^ 
turate  19  of  pure  magnefia;    2^9  therefore,  ar^ 
kft  to  unite  with  the  water  :   if  this  be  equal  or 
fuperior  to  1,388  parts,  (for,  in  a  moderate  heat, 
water  can  take  up  at  leaft  0,0018  of  its  own 
weight),  when  thus  faturated  with  aerial  acid, 
therefore,  it  can  take  up  nearly  4  of  the  precipi- 
tate, (S  IV.):    the  menftruum,  therefore,  which 
diminifhes  the  quantity  of  the  mafs  required,  be- 
ing Tolatile,    muft  be'  expelled  by  heat.     At  firft 
fight,  it  cannot  but  appear  very  Angular,  that  fo 
much  alkali  is  neceflary  to  cSc&  a  complete  pre- 
cipitation ;  while,  at  the  fame  time,  not  above  30 
parts  of  vitriolated  tartar  are  obtsuned,  which  con- 
tain at  moft  but  17  parts  of  pure  alkali :    but  we 
muft  in  general  take  notice,  that,  to  cSeSt  a  com- 
plete decompofition,  the  quantity  of  a  precipitant 
which  would  be  fufScient  to  fatUrate  the  matter  in 
a  difengaged  ftate,  is  by  no  means  fufficient ;  triple, 
quadruple,  nay  fometimes.  fextuple  the  quantity, 
being  neccffary  :  beiidcs,  the  alkali,  which  in  this 
cafe  is  fupcrabundant,  renders  the  vitriolated  tar- 
tar more  foluble ;  fo  that  the  whole  docs  not  cafily 
cryftallize. 

.  The  laft  lixivia  of  nitre,  and  of  common  fait, 
which  refufe  to  cryftallize,  contain  magnefia,  dif** 
Iblved  in  nitrous  or  marine  acid ;  and  the  magne- 
fia 
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fia  is  collected  by  precipitation,  craporation  to 
drynefs,  and  calcination :  if  it  is  obtained  from 
nitrous  acid,  it  is  called  magnefia  of  nitre,  to 
which  the  name  of  pulvis  fentineili  was  formerly 
given ; — that  which  is  got  from  marine  acid  is 
called  magnefia  of  common  fait :  the  former  al- 
ways abounds  in  heterogeneous  matter,  particu- 
larly with  lime ;  hence  the  nitrous  lixivium  yields 
more  than  four  times  the  weight  of  powder  which 
is  obtained  from  the  marine  lixi^um  (^).  The 
magnefia  obtained  by  precipitation  is  very  different 
from  that  obtained  by  calcination ;  as  this  latter 
can  (carcely  be  entirely  freed  from  marine  add ; 
and  befides  we  fhali  fee  hereafter  the  cffcGt  of  the 
fire  (§  III.)- 

§  III.    Pure  Magnefia. 

Common  magnefia,  after  having  been  expofed 
to  a  white  heat,  does  not  effervefce  with  any  acid : 

(^)  I  lb.  of  a  nitrous  leyr  afifbrds,  accordinjr  to  Spid- 
man,  4  oz.  of  magnefia,  by  calcination,  and  5  hj  preci- 
pitation. Marg^raaf,  out  of  i  lb.  of  marine  ley,  obtained 
I  oz.  I  i  drachm,  and  10  grains,  by  alkali  of  tartar,  and 
by  Tolatile  alkali  i  oz. :  when  volatile  alkali  is  ufed,  a 
fait,  condfting  of  three  ingredients,  is  found  in  the  li- 
quor, viz.  of  magnefia,  volatile  alkali,  and  vitriolic  acid« 
which  cannot  be  feparated  by  cryflallization.-^Hoffmao, 
in  the  laft  ley  of  the  falt-works  at  Hall,  found  mag^ 
nefia. 
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the  aeiial  acid  being  expelled  by  the  fire.  If  the  o* 
peration  be  prdp^Iy  toiiduded,  100  parts  of  mag- 
iiefia  will  lofe  55  of  their  weight :  this  lofs^  is  oc« 
cafioned  by  the  czpulfion  both  of  the  water  and 
the  aerial,  acid.  If  the  heat  be  violent,  and  long 
continued,  a  greater  lo(s  of  weight  is  found  to  take 
place,  as  the  violence  of  the  fire  is  capable  of  dif- 
fipating  fome  even  of  the  fixed  parts. 

After  proper  calcination,  I  call  the  magnefia 
pure,  becaufe  it  is  freed  from  water  and  aerial 
add:  but  it  can  fcarcely  be  obtained  perfe&ly 
pure,  except  by  means  of  the  volatile  alkali :  for 
the  fixed  alkalis,  when  ufed  as  prccipitants,  aduU 
terate  the  magnefia,  frequently  with  lime,  but  al- 
tirays  with  filiceous  earth ;  with  which  the  alkali  of 
tartar  is  found  loaded,  unlefs  when  cryftallized : 
the  mineral  alkali,  when  properly  reduced  to  cry* 
ftals,  is  likewife  firee  from  filiceous  earth.  Cal- 
cined magnefia  diiiblves  in  all  the  acids  but  flowly, 
and  without  effervefcence ;  and  in  this  ftate  re* 
quires  about  the  fame  quantity  of  acid  to  facurate 
it  as  before  the  calcination ;  and  forms,  with  the 
acids,  the  very  fame  middle  falts :  it  does  not 
grow  fcnfibly  warm  with  water,  nor  does  it  dlf- 
folve  in  it  like  lime;  it  is  therefore  a  true  earth, 
fo  far  as  can  be  collefted  from  experiments  hither- 
to made. 

100  parts  of  pure  magnefia,  fleeped  in  water, 
after  drying  are  found  to'  have  increafed  in  weight 
more  than  18}  whereas  ico  of  magnefia,  fatura- 

tcd 
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ted  with  aerial  acid,  take  up  6j5  (f  X:V.)*  Tte 
pure  magnefia  does  not  effervefce  in  acids,  but  ia 
great  length  of  time,  in  the  open  air,  it  recoTcn 
ibis  property  by  attrading  aerial  add  from  the  at- 
mofphere :  why  it  diflblves  fo  very  flowly  in  adds 
we  (hall  fee  in  $  xix. 

Pure  magnefia  cannot  deprive  any  alkali,  ei- 
cept  the  volatile,  of  \u  aerial  acid,  as  acids  have  t 
ftronger  affinity  to  them  than  to  magnefia^  It  does 
not  precipitate  lime-water,  but  it  precipitates  all 
metals,  not  excepting  platina,  from  their  folutioa 
in  acids  with  it :  nitrated  filver  yields  a  black  pre- 
cipitate, and  corrofive  fublimate  cme  obicurdy 
red.  It  alfo  decompofes  ammoniacal  ialts,  but 
flowly ;  fo  that  at  iirft  there  is  fcarce  any  percep- 
tible odour ;  but  if  the  mixture  be  fuffideotly  moi- 
ftened,  and  kept  14  hours  in  a  clofe  forked  botdc, 
when  the  bottle  is  opened  the  volatile  alkalme  findl 
will  be  obfcrved  very  unequivocally. 

Magnefia  expofed  for  a  long  time  to  a  very  in- 
tenfe  heat,  begins  to  coalefce,  and  (hew  (igns  of 
fuiion,  particularly  the  magne(ia  which  is  obtained 
from  the  lixivia  by  calcination.  It  flows  eaiily  with 
borax,  or  with  the  microcofmic  falts  :  with  equal 
parts  cf  flint  and  borax  it  aflfumes  the  form  of  a 
beautiful  glafs  like  the  topaz :  with  equal  parts  d 
flint  and  mineral  fluor,  a  glafs  is  produced  of  the 
colour  of  the  chryfolite  fufed  :  with  an  equal 
weight  of  fluor  mineral,  it  penetrates  and  difibtves 
the  crucible. 

Magnefia 
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Magncfia,  mixed  almoft  in  any  proportion  with 
lime,  pure  clay,  and  flint,  flows  in  the  fire ;  and^ 
with  a  quadruple  proportion  of  green  glafs,  forms 
a  mais  like  porcelain^  which  gives  fire  with  (leeL 
•—Even  an  equal  weight  of  flinty  of  quick  lime,  of 
terra  ponderofa^  of  g1af$,  of  lead,  of  alkali  of  tar- 
tar, and  finally  of  vitriolated  tartar,  will  not  flow 
alone  with  magnefia ;  but  common  clay  runs  with 
k  into  an  hard  mafs. 

Glais  cemented  in  magnefia  rcfembles  porce* 
lain  (A> 

S  iV.    jicrated  Magnejtd. 

That  magnefia  which  is  faturated  with  aerial  a^^ 
^d  I  call  aerated  magnefia,  becaufe  it  contains 
that  acid  which  abounds  in  the  atmofpheric  air : 
fuch  is  that  which  is  precipitated  by  a  cryftallized 
fixed  alkali  (§  ii.);  this  eflfervefces  in  acids,  and 
by  a  flow  laturation  lofes  0,25  of  its  weight ;  the 

{^b)  VL  Mofveaa  here  relates  an  experiment.  In  which 
he  czpofied  magnefia,  and  at  the  fame  time  calcareous  earthy 
to  a  Yiolent  heat  2  the  fprmer  (hewed  no  (igns  of  fufion^ 
nor  did  it  eren  adhere  to  the  crucible ;  the  calcareous  earth 
#as  fii£ed  along  with  part  of  the  bottom  of.  the  crucible4 
He  had  before  aflerted  that  dagnefia  was  one  of  the  moflj 
infibk  earths  per  fcy  and  promoted  rery  much  the  fuiioa 
•f  other  earths ; — an  opinion  he  now  retrads.  Macqxicif 
and  d'Arcei  had  before  fliewn  the  refra£torinefs  of  this 
irarth.    B. 

Vol.  L  £  c  /ubftanc(% 


4^4  OF  MACfNltelA. 

fubftancc>  of  which  the  expulfion  occafidns  flm 
lofs,  being  collefted  by  a  proper  apparatus,  and 
examined,  is  found  to  poffefs  all  the  qualities  of 
aerial  acid.  Hence  it  follows,  that  loo  parts  of 
aerated  magnefia  contain  25  of  that  add,  30  of 
water,  and  45  of  an  earthy  matttr  diiUnd  from 
all  others  hitherto  known  (§111.  and  xi  x.).  Mag-* 
nefia,  fully  aerated,  contains  30  Ib.^  in  100  of  ae- 
rial acid :  it  is  therefore  in  reality  a  medial  earthy 
falt^  of  which  (when  completely  cryftallized)  a 
kanne  of  diftilled  ^ater,  in  a  moderate  heat,  takes 
up  47  grains.  Water  faturated  with  aerial  add 
difTolves  afar  greater  quantity,  even  r<>  far  as  an 
ounce  and  a  quarter ;  provided  the  water,  loaded 
with  abundance  of  the  acid,  meets  the  magnefia 
minutely  divided,  as  in  the  moment  of  precipita- 
tion, as  it  is  in  that  (late  more  expofed  to  die  ac- 
tion of  the  furrounding  menftruum«  A  fohtfioo 
of  this  fort  in  the  open  air  h  gradually  deprived  of 
its  fuperabundant  add,  which  flies  off,  and  thence 
a  portion  of  magnefia,  which  had  been  diffolYcd, 
mud  feparate;  this  takes  place  firft  upon  the  &r« 
face,  as  it  is  there  the  volatile  menftmum  firft 
begins  to  be  deficient.  The  pellicle  which  is  fiwm- 
ed,  on  examination  is  found  to  pofiefs  the  fropct* 
ties  not  of  lime,  but  of  magnefia. 

Evaporation  being  conduced  leifurely,  cryftab 
Alfo  appear,  partly  confiding  of  pellucid  graio^ 
j^aftly  of  fafciculi  of  rays  diverging  from  the  fiunc 

point 
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pwt  (i>  Diftilled  water,  aerated,  and  laturaced 
with  magnefia,  exhibitt  the  foUowing  properties 
with  precipitants* 

(a)  It  maket  paper  weakly  tingedWith  turnfole 
fliore  diftindly  Uae ;  paper  ftained  red  by  Brazil 
wood  it  makes  blue ;  and  induces  a  Kght  brown 
«pon  the  yellow  of  turmeric :  fo  that  at  firft  we 
fiiould  afichbe  thefe  changes  to  an  alkaline  mix- 
tuiCy  which  adhered  in  the  precipiution,  and  had 
duded  the  wafhing  ^  but  this  fufpicion  foori  falls 
to  the  ground,  if  we  employ  magnefia  precipitated 
^rith  folatile  alkaH,  as  this  alkaU  produces  the  fame 
changes  of  colour;  but  we  muft  obferve  thefe 
dianges  quickly  dilappear,  together  with  the  vo« 
htile  fobftance  which  has  occafioned  them ;  wher&i 
SI8  thofe  made  by  magnefia,  although  precipitated 
by  tUs  alkali,  are  permanent ;  they  thcretore  de« 
jiend  upon  the  earth  alone. 

(1^  Upon  the  addition  of  acids,  intnumerable 
Imbbles,  extremely  thin,  float  on  the  fiirface; 
diefe  are  occafioned  by  the  aerial  expelled  by  the 
finmger  acids. 

(c)  Aerated  dxed  alkaU  occafions  no  change, 
t!Dk&  the  quantity  of  water  be  infufficient  for  did 
tohnag  the  magnefia  and  the  alkali  both  together^ 
in  which  cafe  the  former  is  feparated :  but  if  a 
pare  eauftic  alkali  be  employed  in  proper  quantity, 
die  earth  is  immediately  precipitated  pure,  i.e« 

(/)  Td>.  r.  fig.  9^ 

£  e  a  incapable 
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incapable  of  cffcrvcfcing  with  acids  (§  iii.).  Thdc 
alkalis  are  therefore  capable  of  feparating  aerial 
acid  from  magncfia. 

Lime  (which  in  its  peculiar  properties  bears 
fpme  analogy  to  fixed  alkalis)  in  this  cafe  has  the 
very  fame  effeds  as  fixed  alkali ;  when  faturated 
with  aerial  acid  itoccafions  no  change,  but  lime- 
water  or  quick  lime  precipitates  the  magncfia  pine. 

The  aerial  acid  adheres  more  readily  to  magnc- 
fia than  to  the  volatile  alkali ;  for  if  the  former, 
when  cauftic,  be  added  to  the  latter,  and  kept  in 
a  clofe  veflel  for  fome  days,  at  length  the  alkiU  is 
found  cauftic,  and  the  magncfia  will  e^ervcfcc 
with  acids.  Another  experiment  feems  indeed  to 
overturn  this ;  for  magncfia  diflblved  in  water  by 
means  of  aerial  acid,  is  precipitated  by  pure  vo- 
Jatile  alkali :  but  it  is  to  be  obferved,  that  here 
the  precipitate  effervcfces  with  acids,  (b  that  the 
•alkali  has  taken  away  none  but  the  fuperabuudant 
aerial  acid ;  and  the  portion  of  mag^efia,  whick 
was  only  hcljl  difiblved  by  the  fuperabundancCi 
ncceffarily  falls  to  the  bottom. 

(d)  All  the  middle  falts,  whether  earthy  or 
metallic,  are  precipitated  by  aerated  magncfia, 
apd  that. by  means  of  a  double  ele£livc  attradion, 
^  pure  magncfia  has  not  that  effeft.  By  this  me- 
thod lime  and  terra  ponderofa,  dilTolved  in  other 
acids,  are  thrown  down }  for  while  their  menflnu 
feize  the  magnefia  they  themfelves  fall  to  the  bot- 
tom^  united  with  the  aerial  acid,  as  appears  iirom 
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the  incrcafc  of  their  weight,  and  their  property  of 
effervefcing  with  acids. 

The  precipitates  occafioned  by  pure  magnc* 
fia  gain  no  increafe  of  weight,  and,  If  they 
be  metallic,  aflume  colours  different  from  thofe 
of  the  precipitates  occafioned  by  aerated  nlagne- 
fia :  the  latter  fcparatcs  corrofivc  fublimate  of  a 
darker  colour,  but  after  a  few  hours  the  colour 
of  both  precipitates  is  a  reddifh  afli-colour. 

If  to  aerated  magnefia,  diiTolved  in  water,  be 
added  a  folution  of  corrofive  fublimate,  the  mix- 
ture grows  a  little  milky,  and  by  degrees  depo^ 
fits  a  quantity  of  white  fediment ;  then  by  little 
and  little,  (irft  upon  the  furfaice,  and  afterwards 
at  the  bottom,  thin  blackifli  cryftals  concrete, 
compofed  of  mercurius  dulcis,  and  calx  of  mer- 
cury partly  aerated. 

•  The  fmalleft  drop  of  folution  of  mercury,  iii 
boiling  nitrous  acid,  is  inftantly  and  copiouily 
thrown  down  of  a  brownifh  yellow  colour,  by  wa- 
ter  loaded  with  magnefia,  by  means  of  aerial 
acid :  but  the  folution  of  the  fame  metal,  made 
in  the  cold,  yields  a  white  powder,  which,  after 
a  few  days,  grows  greyifh  ;  this  happens  bccaufe 
the  metal  has  loft  little  of  its  phlogifton. 

S  V.     Vitriolated  Magnefia. 

.  Vitriolatcd  magnefia  is  called  Englifli  fait,  Ep- 

fom  fait,  Seydlitz  or  Seydfchutz  fait,  deriving  a 

E  e  3  name 
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name  from  the  place  whence  it  comes ;  but  tlidb 
all  differ  very  little  from  each  other,  except  in  the 
proportion  of  falited  magnefia  which  they  contain 
mixed  with  them.  On  account  of  its  tafte  it  is 
vulgarly  called  bitter  purging  fait ;  but  it  is  with 
more  propriety  called,  from  its  nature,  vitriolatel 
magnefia,  efpecially  when  it  is  free  koia  hetero- 
geneous matters:— in  cryftallizing,  it  cxhibtti 
quadrangular  prifms,  with  pyramidal  a)Hces,  which 
are  alfo  q^adrangular• 

This  fait  is  fp  eafily  foluble,  that  a  kanne  of 
diftilled  water,  in  a  moderate  heat,  csm  take  up 
yoi  ounces,  but  by  boiling  140,  before  a  pcUide 
appears ;  yet  this  laft  folution,  when  cxpofed  to 
cold,  concretes  totally  .-^The  bulk  of  the  water  if 
cncreafed  about  0,45,  by  the  addition  of  die  ialt| 
and  the  heat  of  boiling ;  a  circumftance  which 
ppght  tp  be  taken  particular  notice  pf  in  dcttr* 
mining  the  qiiantity  of  it;  for  in  general  the 
quantity  of  water  is  determined  by  the  meafure  of 
the  folution,  which  is  always  fallacious.  If  regu* 
lar  cryflals  are  required,  the  evaporation  mod 
only  be  continued  until  a  drop  let  iall  on  a  cok} 
furface  concretes  in  a  few  minutes. 

This  fait,  expofed  to  a  dry  air,  firft  lofes  it| 
tranfparency,  and  at  length  falls  into  a  wlute  pow- 
der :  by  complete  calcination  all  the  water  of  ay- 
ftallization  flies  away;  this  water  forms  nearly 
one  half  of  the  whole,  amounting  to  0,48 :  benfC 
therefore  it  appears,  that  loopartsfoocaio  190^ 

poic 
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puic  magnefia,  33  of  vitriolic  acid^  suid  48  of  wa- 
ter (§111). 

Fixed  alkali  quickly  precipitate^  it^  as  well  as 
the  volatile  alkali  when  aerated,  nay  even  that 
which  is  comn^only  confidered  as  pure.    This  la(^ 
cafe  teems  to  indicate  a  doubt  with  refpefi  to  t^e 
degree  pf  affinity ;— as  pure  magnefia,  added  tp 
a  folutian  of  that  fait  which  is  called  (ecret  ammo- 
niac, and  kept  for  fome  days  in  a  bottle  clofely 
ftopped,  dtfcovers,  upon  opening  the  bottle,  a 
diftind  odour  of  volatile  alkali :  this  precipitation 
may  be  attributed  to  other  caufes.    Thus  the  vo- 
latile alkali  can  fcarccly  be  procured  perfedly 
pure,  being  either  adulterated  w;th  water  or  ae- 
rial add :  befides,  the  pureft,  when  expofed  ever 
fo  little  to  the  open  air,  or  to  air  newly  expelled 
-from  the  lungs,  inflantly  attracts  a  portion  of  that 
acid;  and  thus,  by  a  double  eledive  attraftion, 
ficquires  the  property  of  being  decompofed :  yet 
•the  precipitate  occafioned  by  the  volatile  alkali  ge* 
perally  exhibits,  op  folption,  very  flight  marks  of 
cfiervefcence :  this  the  love  of  truth  obliges  me  to 
confeis ;  fo  that  if  this  precipitation  be  owing  to 
the  aerial  acid,  it  is  evident  that  a  much  fmalicf 
quantity  of  it  fuffices  for  this  purpofe  than  for  fa- 
tuiation :  but  thefe  caufes  are  accidental ;  there  is; 
one,  however,  which  is  conftant,  v.  g.  the  vola- 
tile alkali  is  very  ftrongly  united  with  magnefia 
and  vitriolic  acid ;  now  in  this  triple  fait  the  acid, 
formerly  entirely  attached  to  the  magnefia,  mud 
E  e  4  be 
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\c  divided  in  a  certain  ratio  between-  the  two; 
and  hence  the  magnefia,  which  does  not  enter  in- 
to  this  new  union,  is  feparated,  and  faUs  to  die 
bottom. 

Lime-water  feparates  magnefia  from  the  Yitrio* 
lie  acid,  although  crude  or  aerated  lime  has  no 
t^c&  ;  hence  it  evidently  appears  how  much  the 
cfEcacy  of  this  fubftance  is  affefted  merdy  bj  an 
union  with  aerial  acid. 

The  acid  of  fugar,  added  in  proper  quantity, 
takes  away  the  whole  earthy  bafis  from  the  vitrio- 
lie  acid,  and  precipitates  it  to  the  bottom  in  the 
form  of  a  white  powder,  efpecially  if  the  fohitioa 
be  infpiffatcd  by  gentle  evaporation;  for  oihcr- 
viCe,  by  means  of  the  fuperabundant  add,  the 
greater  part  is  held  fufpendcd. 

In  the  fame  manner  the  ^vitriolic  (which  in 
power  of  attraction  is  among  the  ftrongeft)  yields 
magnefia  to  the  fluor  acid :  at  firft  a  very  fmall 
fediment  falls,  but  during  evaporation  the  fluora- 
ted  magnefia  by  degrees  appears ;  in  this  cale, 
however,  heat  mud  be  carefully  avoided,  as  by  k 
the  more  volatile  of  the  menilrua  are  much  weak- 
ened.  The  vitriolic  acid  is  alfo  expelled  by  the 
acid  of  phofphorus,  at  leaft  when  the  watery  part 
is  fufBcicntly  diminifticd  by  evaporation ;  fpirit  of 
wine  coagulates  the  mixture  in  the  fame  manner 
^s  it  does  with  phofphorated  magnefia. 

Rectified  fpirit  of  wine  does  not  take  up  vitrk>- 
Jatcd  magnefia,  which  may  by  it,  therefore,  be 

fcparated 


OF  MAGNESIA-  441 

feparated  firom  water.  In  proportiqii  as  thefolu- 
don  is  more  faturated,  and  the  fpirit  more  pure, 
the  coagulatbn  happens  more  quickly ;  fo  that  in 
a  few  minutes  the  whole  miiaure  will  concrete  in- 
to a  folid  mafs. 

The  Seydlitz,  Seydfchutz,  or  Epfom  falts  (k) 
urc  got  by  evaporation  from  the  water  of  foun- 
tains, in  the  places  from  whence  they  borrow 
their  names.  Thefe  waters  contain  other  fubflan* 
CCS,  and  from  hence,  cKcIufive  of  the  difference 
in  czficcation,  the  falts  vary ;  hence  the  Seydlitz 
ialt  fcarcely  attrads  molfture  from  the  air.  llie 
Epfom  or  I'^nglifli  fait  is  prepared  from  fea-water, 
after  the  cryftallizations  of  the  common  fait,  by 
boifing,  and  by  adding  colcothar  of  vitriol,  which 
contains  a  portion  of  acid;  this  acid,  quitting 
the  fax)n,  unites  with  the  magneiia,  and  produces 
a  eryftallizable  bitter  fait.  That  which  comes  to 
us  urkler  the  form  of  cryftalline  aciculas  contains 
ib  much  £dited  magnefia,  either  united  with  die 
water  of  cryftallization  or  adhering  externally, 
that  it  eafily  deliquefces  by  the  moifture  of  the 

(i)  The  Epfom  fait  was  firft  noticed  by  Grew  In  1675  • 
but  as  only  a  much  fmaller  quantity  than  was  ufed  could 
be  got  from  fpringi,  chymids  anxiuufly  fought  for  an  ar- 
tificial mode  of  compofmg  It.  Hankwitz  prepared  i^  at 
Lioodon,  from  common  fait,  or  the  la(l  ley  of  this  and 
<:alcined  ▼itrioly  £ph.  N.  C.  cent.  3.  and  4.  Others  found 
it  m  different  fprlngs :  Bertrams,  in  thofe  at  Cr^utzburg  ^ 
Cdirardtcn  io  thofq  nt  Qbenieufultz,  kc^ 

air* 
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air.  The  cryftals  of  diis  (alt  are  fometimcs  fa 
large  that  they  are  fold  for  Glauber's  (alt ;  and 
on  the  other  hand,  in  France,  Glauber's  iait,  be- 
ing reduced  to  fmall  fpiculae,  by  agitadng  it  da- 
ring the  cryftallization,  is  fold  for  Epbm  ialt. 

Thefe  frauds  are  indeed  of  little  confequencc, 
yet  they  throw  a  veil  over  the  truth,  and  are  not 
eafily  difcovered.  Thus,  lime-water  does  not 
precipitate  genuine  Glauber's  £adt ;  but  Epftnn  fidt 
inftandy  yields  up  its  acid  to  the  lime,  and  a  felt- 
pites,  together  with  thedeferted  magncfi;^  £dls€o 
the  bottom. 

Vitriolated  magnefia  does  not  give  up  its  add 
pn  diftillation. 

Phlogifticated  vitriolic  acid  alfo  diflblves  mag- 
nefia; but  the  middle  fait,  arifmg  from  this  Gom- 
bination,  is  eafily  diftinguiihed  from  Epfamiak 
by  its  tafte;  it  alfo  yields  fmaller  cryftals,  and, 
upon  the  addition  of  any  acid,  even  vinegar,  it 
l^ves  out  a  pungent  and  fuffbcating  vapour :  it  is 
feparated  from  water  by  fpirit  of  wuie,  although, 
by  the  acceilion  of  phlogifton,  it  ihould  feem  to 
approach  nearer  to  that  inflammable  menffaruunu 

§  VI.     Nitrated  Magnefia. 

The  nitrous  acid,  faturated  with  magnefia,  afr 
ter  proper  evaporation,  yields  prifmatt€» 
gular,   fpathous  cryftals,   withe 
poifefs  an  acrid,  and,  at  thr 
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ceedSng  bitter  tafte,  and  eaiily  deliqadce  in  the 
air :  if  paper  be  moiitencd  with  a  dilute  folution 
of  it,  after  dryings  it  bums  with  a  green  flame; 
which  colour  aqua  fortis  alone,  in  the  fame  way, 
^equently  exhibits. 

The  acids  of  fluor,  of  fugar,  of  phofphorus, 
and  vitriol,  take  away  magnefia  from  the  nitroust 
a  drcumftance  which  yet  cfcapes  obfervation,  for 
thefc  new  comUnations  are  foluble  in  nitrous  aidd; 
they  may,  however,  be  brought  into  view  either 
by  evaporation,  or  by  dropping  in  highly  redified 
spirit  of  wine,  as  this,  by  abforbing  the  water, 
prectptaies  the  lalts. 

Nitrated  magnefia  yields  its  acid  on  diftillation; 
it  diflblves  completely  in  fpirit  of  wine :  in  tlus 
cafe,  however,  its  flame  is  not  green,  but  becomes 
larger  and  more  vivid  than  before. 

Phlogifticated  nitrous  add  laturated  with  mag* 
fiefia,  betrays  itfelf.by  its  tafte,  and,  on  the  addi- 
tion of  any,  even  the  vegetable  acid,  by  its  (inell) 
but  thefe  principles  are  fcarcely  feparated  by  the 
phlogifticated  vitriolic  acid ;  at  leaft  the  addition 
of  redificd  fpirit  <^  wine  occafions  no  coagula- 
tion (/> 

(/)  ^  Lime-water  decompofet  nitrated  magnefia.    In  % 
on  the  treatment  of  the  mother  leys  of  nitre,  I 
out  thif  procefs  at  verj  advantageous,  not 
the  analyfit  of  them,  but  alTo  for  fe« 
ittfm  catareoof  cartb»  at  (mall  expence.** 

XBorrean* 
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§  VII.     Salited  Magnefia. 

Magnefia,  diflblved  in  marine  acid,  has  an  cxy 
cccding  bitter  taftc,  and  cannot  be  eryftallized^ 
unlefs,  after  being  much  infpiflated  by  heat,  it  be 
expofed  fuddenly  to  extreme  cold  ;  but  the  acica^ 
lac  which  concrete  upon  this  occafion  foon  deli* 
quefce  by  the  moifture  of  the  atmofphere;  While 
the  marine  acid  diflblves  magnefia,  its  tranrparen-^ 
cy  is  fomewhat  obfcured ;  and  when  the  (atura* 
don  is  finifhed,  the  folution  quickly  concretes  in« 
to  a  jelly  of  a  watery  colour ;  which^  tf  diluted 
while  warm,  yields  fpongy  mafles,  not  ibluble 
even  in  marine  acid  :  a  jelly  of  this  fort  is  jirodo* 
ccd  by  the  acids  of  nitre,  of  ants,  of  vinegar,  and 
others,  but  does  not  appear  in  the  filtered  folu- 
tions  ;  for  the  moifture  being  in  a  great  mea- 
fure  diflipated^  thefe  yield  a  vifcid  matter  like 
gum^  which,  when  well  wafhed,  is  found  to  be 
filiceous  (§  XV.)  owing  to  the  impurity  of  the  pre- 
dpitating  alkali. 

If  aerated  magnefia  be  employed,  the  aerial 
acid  which  is  fcparated  is  partly  abforbed  by  the 
water,  which,  by  this  means,  takes  up  a  portion 
of  the  magnefia  without  any  other  affiflance; 
hence,  when  the  folution  is  finilhed,  it  change^ 
vegetable  colours  like  an  alkali  (§  i  v.  a.);  whic^ 
is  true  not  only  of  the  folution  made  by  manaf 
acid,  but  of  all  others,  unlcfs  the  acid  iyvr»    * 

fup 


or  MAGNESIA.  445 

Ibperabundant.  If,  therefore,  an  exad  fatura- 
ti(Mi  be  required,  it  is  more  eafily  had  by  pure 
magnefia ;  for  if  aerated,  in  order  to  anfwer  the 
-end^  an  accuracy  extremely  troublefome  is  rcqui« 
£tci  for  either  the  fuperfluous  aerial  acid  miift 
be  cxpeUed,  or  the  iaturation  muft  be  deter^ 
joined  by  repeated  trials. 

Saltted  magnefia  diflblves  in  fpirit  of  wine,  and 
is  fobjed  to  the  (an^e  laws  of  affinity  as  the  ni« 
trated,  except  that  this  is  foluble  in  nitrous  acid  ; 
4or  on  adding  that  acid,  and  evaporating,  nitra- 
ted magnefia  is  formed ;  befides,  the  acid  of  ants 
unites  intimately  with  falited  magnefia,  forming  a 
cryftallizable  fait  compounded  of  three  ingredi- 
ents :  this  combination  yields  its  acid  to  a  diiliiling 
jieat. 

§  VIII.    Fluor  at  ed  Magnefia. 

The  fluor  acid  (ni)  at  firfl  violently  attacks  mag- 
nefia ;  but  as  the  &turation  approaches,  certain 
particles^  almoft  infoluble,  are  feparated ;  and  at 
length,  when  the  Iaturation  is  complete,  the  wa- 
ter,  which  hardly  diflblves  the  fluorated  magnefia, 
lets  fall  at  once  all  that  the  fuperabundant  acid  had 
taken  up. 

(m)  This  acid  wat  dcfcnbcd  by  its  experienced  invcn- 
Mr  «r»*^-    •-  tht  Stockholm  Tr?nf.  f>r  i^-t^ 
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.  Tfaat  portioil  which  can  be  difloWed  by  i 
^  abondahde  d  acid,  on  fpootaneout  cf2fontim 
concretes  above  die  liquor  to  the  fides  of  the  vcfr 
fell  m  the  fonn  of  a  tranfparent  mucihge^  m»k^ 
cd  with  long  and  very  (lender  cryftalUne  threads} 
but  at  the  bottom  we  find  fpadiofe  cryftib,  wludiy 
though  not  ealily  diflblved,  are  yet  not  entinelyr^ 
je&ed  by  fpirit  of  wine.  Their  form  it  hczangii- 
lar  prifms^  ending  in  a  low  pyramid  eompofisd  of 
fhree  rhombi* 

Neither  vitriolic,  nor  any  other  acid»  decom- 
poles  fluorated  magnefia  by  the  humid  way:  tlus 
combination,  when  alone,  and  pure^  does  not 
yield  its  acid  in  the  moil  intenfe  hestt  of  diffilla« 
tion* 


$  iK«    jirfenicated  Magnefia. 

The  acid  of  arfenic  (»),  united  to  Cftaradott 
Ivith  magnefia,  is  with  much  difficulty  foloble  m 
K^ter;  and  therefore,  tike  the  former  comUkia* 
tion,  the  whole  fubfides,  and  is  agaill  diflbtvec^ 
if  luperalbundance  of  acid  be  added :  upon  etapo^ 
ration  it  then  yields  no  cryftals,  but  a  viicid  oafir 
like  gum,  which  is  not  precipitated  by  ^rit  of 
wine :  yet  it  is  worth  obferving,  that  the  add  of 
arfenic,  added  to  acetated  ms^efia,  which  fike* 

{n)  This  acid  will  be  foon  defcribed  by  Mr  Sched^  it 
the  Stockholm  Tranf.    See  DiiE  XXI.  vol.  S. 

wife 
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Ivife  forms  noiking  but  a  vifcid  mais  ($  xiii.)  pro- 
duces degant  prifmatic  cryftals,  which  may  be 
caDcd  folar,  as  many  of  them  diverge  like  rays 
from  a  point }  the  rcafon  is  doubtleis  this :— 4he 
iidd  of  arfenic,  unlels  when  fuperabundant^  can- 
not fiifpend  the  magnefia,  but  all  fuperfluous  acid 
impedes  cryftaliization;  ncfW  the  acetous  acid  dif- 
iblves  the  arienicated  magnefia,  and  fuffers  it  to 
concrete  into  cryftals  by  a  flow  evaporation  ;  and 
the  fame  thing  takes  place,  if  the  adaous  acid  be 
expelled  from  the  iSagncfia  by  the  acid  of  arfenicf 
tfaefe  cryftals^  in  a  long  continued  heat,  calcine  fo 
fiur  as  to  grow  opake  and  white.  What  has  been 
now  find  of  vinegar  holds  with  refped  to  nitrous 
acid,  marine,  and  the  acid  of  ants  ;  by  all  which 
arfentcated  magnefia  is  not  decompofed,  but  dif* 
iblved,  and  yields  folar  cryftals :  this  feems  to  af« 
ford  a  method  of  cryftallizing  falts  which  are  dif- 
ficultly foluble  ($  X.  XV.);  viz.  let  the  water  be 
fliarpened  with  fome  fuitable  acid,  which  will  not 
sdter  the  lalt  required  (o). 

The 

(a)  Thit  procefs  opens  a  new  field  for  obfcrvations  ;  it 
irfll  be  iifefui  on  many  occafions :  but  1  doubt  whether  a 
pure  &k  can  be  by  thefe  means  obtained ;  the  fnppofition 
ifppears  repugnant  to  the  general  and  conftant  laws  of  fo- 
lation ;  for  a  cryftallizing  body  always,  of  neceffity,  re- 
Uins  a  portion  of  the  dilTolving  floid ;  dns,  in  the  fahs,  is 
called  the  water  of  cryftaliization :  and  if  vinegar  here 
performs  the  office  of  water  muft  not  the  fait  retain  the 
Vioegar  of  cryftaUizatioa  ?  This  cafe  is  different  from  the 

precipitation 
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The  fluor  acid,  the  acid  of  fagar,  of  phofpho- 
nis,  and  vitriol,  feparate  magnefia  from  the  acid 
of  arfenic ;  but  the  acid  of  tartar,  united  vidi 
arfenicated  magnefia,  is  generally  fonnd  to  com- 
poie  2^  triple  fait. 

This  fait  is  not  decompofed  by  fire,  unlefs  whh 
the  addition  of  phlogiilon ;  in  which  cafe  the  acid 
intimately  united  with  it  generates  a  regulus. 

§  3t.     Boraxated  Magnefia. 

llie  faline  fubftance  which  in  borax  is  united 
to  the  mineral  alkali,  and  is  called  the  fedative 
fait  by  Homberg,  (hews,  upon  examination,  on* 

precipitation  of  falts  by  fpirit  of  wine,  which  is  only  a 
fudden  abforptioa  of  the  watery  and  requires  that  the 
fait  fhould  not  be  foluble  in  the  added  liquid:  on  the 
contrary,  we  are  forced  to  admit  a  real  affinity  of  the  fluid 
With  the  fait,  a  gradual  approximation  not  of  the  iklt  only, 
but  of  the  integrant  parts  of  the  folution  itfelf,  in  confc' 
quence  of  the  evaporation  of  the  fuperabundant  portion  of 
the  folvent ;  it  is  therefore  impoflible  that  this  adhefion  of 
the  principles  fhould  ceafe  fuddenly,  without  any  new  caufe 
fupervening ;  or  that  the  fait,  thus  abandoned,  fhoold  af- 
fume  a  regular  form.  To  objeft  the  uniformity  of  cryftik 
produced  in  this  manner  in  different  acids,  is  in  vain  :  that 
the  two  principles  coniiantly  exifting  in  thefe  combiaatioos 
(hould,  with  refped  to  cryflallizationybe  endowed  with  pro- 
perties that  a  third  cannot  deftroy,  is,  I  think,  much  more 
probable ;  it  is  certainly  not  without  example,  even  in  the 
iimple  (alts.     Morveau. 

doubted 
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4ottbt^  though  weak  marks  of  an  add  nature,  it 
even  attacks  fom^  nietala,  <kc. 

If  magnefia  be  put  into  a  folution  of  this,  it  will 
be  diflblved,  though  very  flowly,  on  account  of  the 
weaknefs  of  the  pienfttuuni.  On  evaporation  irre« 
gular  cryftalline  grains  appear :  the  principle  of  con- 
xie<kion  in  ihefc  being  very  weak,  they  may  be  fe- 
pg^rafie^  in  the  humid  way  by  other  acids ;  even  fpirit 
pf  wine  feparatea  them,  but  takes  up  a  part  of  the 
acid :  vinegar  and  acid  of  ants  diflblve  this  (alt 
^ntirelv;  and»  when  the  moiilure  is  dijQTipatcd, 
it  appears  in  the  form  of  fpiculse,  on  which  others 
ftand  at  right  angles :  it  flowii  in  the  fire,  and  that 
without  any  deeompofition ;  nay,  the  acid  of  bo« 
rax  cipc\&  from  magnefia,  \>y  the  afliftance  of  heat, 
all  the  acids  which  are  volatilized  by  heat. 

}  XI.    Saccharated  Magnefia^ 

The  pcculi^  ^id  which  refides  in  fugar  has  al- 
ready been  defcribed,  together  with  the  beft  me* 
thod  of  obtaining  it  pure  :  this  difibWes  magnefia, 
and  holds  a  great  quantity  of  it  fufpended ;  but 
when  laturated,  it  falls  to  the  bottom,  refufing  to 
unite  with  water,  which  has  already  been  obfer* 
ved  in  other  inftances  (§  viii.  ix.) :  it  is  fcarccly 
foluble  in  fpirit  of  wine. 

The  flupr  acid  alone  is  capable  of  taking  mag« 
nefia  from  acid  of  fugar  by  the  humid  way. 

This&lt,  when  ignited,  fends  forth  all  its  acid; 
Vol.  !•  F  f  nor 
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nor  does  it  (hew  any  vcftiges  of  a  coal,  as  the  tar« 
tariDated  magnefia  does,  as  we  (ball  fee  in  the  fioU 
lowing  fe&ion* 

§  XII*     Tartarifatcd  Magnefia. 

The  genuine  {p)  acid  of  tartar  takes  up  mag* 
nefia  in  the  very  fame  way  as  the  former  acid; 
and  the  portion  which  is  fufpended  by  a  fuperabun- 
dant  acid  falls  by  evaporation  in  -polygonal  trant 
parent  grains,  refembling  (hort  hezangular  pnfins 
truncated  at  both  ends,  and  more  or  lels  irregu- 
lar :  fpirit  of  wine  with  difficulty  attacks  this  fak; 
and  therefore,  when  added  to  a  folution  of  it 
in  water,  immediately  throws  down  cryftalliae 
grains. 

The  acids  of  fiuor,  fugar,  pho^horus,  vitriol, 
nitre,  and  (alt,  decompofe  tartarilated  magnefia. 

This  (alt  readily  melts  in  the  fire,  boils,  fwcUs, 
and  yields  a  coal,  which,  when  burned^  at  IcBgth 
leaves  the  magnefia  free. 

$  XIII.    Acetated  Magnefia. 

Vinegar,  though  loaded  to  faturation  with  mag- 
ncfia,  yet  diflblves  readily  in  water  :  however  cva^ 
poration  be  conduced,  no  cryflak  are  obtained; 
but  at  length  a  vifdd  ddiqucfcent  ma(s  appears, 

(/}  Sec  tlic  StocUiolxn  Tianfl  for  1770. 

which 
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^irfaich  parts  with  the  vinegar  on  diftillation.  Spi^ 
rit  of  wine  may  be  completely  mixed  with  this  fa^^ 
line  liquor. 

All  the  acids,  except  phlogifticated  vitriolic  and 
nitrous  acids,  and  the  aerial  acid,  decompofe  ace- 
tated  magne(ia« 

§  iiv.    P'armicaied  Magnefia; 

The  add  o£  ants,  when  laturated  with  magne- 
fik»  ,quit$  the  water,  and  £aills  to  the  bottom  :  this 
js  ag^n  fotuble  in  fuperabiindant  acid,  and  depo- 
fits  cryftals  upon  evaporation,  which  are  vety  dif- 
ficultly foluble  in  water,  are  void  of  tafte,  do  not 
melt  in  the  fire>  but  fwell  and  decrepitate  a  little^ 
SoaU  gtow  black,  and  fplit  at  length  into  a  white 
powders  which  effervefces  with  acids }  bccaufe  the 
acid  of  ants,  when  it  is  deftroyed,  yields  aerial 
l»d  to.thetnagnefia  :  the  figure  of  the  tryftak 
is  hemifpberic,  the  cutting  plane  being  oblique,  a 
little  concave,  polifiicd,  with  ftri^  (which  are 
icarce  diftinguiihable  by  a  glafs)  diverging  from  a 
c^ter  very  like  the  tubercles  of  liverwort :  hence 
the  acid  of  ants  is  readily  diftinguiihed  from  vine-^ 
■gar^  to  which,  in  other  refpecis,  it  is  very  like ; 
k,  at  well  as  phlogifticated  vitriolic  and  nitrous  a* 
dd,  takes  away  magnefia  from  the  acid  of  anti  z 
otie  half  the  weight  of  this  fait  is  magnefia;  one 
part  of  it  requires  thirteen  of  water  to  diflbhre  it 
F  f  ^  in 
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in  a  moderate  beat :   ipirit  of  wine  does  not  Hikt 
it  up  (q). 

§  XV.    Ptiofphordted  Magnefia. 

The  acid  of  phofphorus  takes  up  magnefia  af- 
moft  in  the  fame  way  as  the  former ;  but  that 
which  is  taken  up  by  afuperabundant  acid»  as  focm 
as  evaporation  begins^  yields  cryftalline  grams^ 
which  are  fomewhat  larger  in  acetated  inaj|nefia 
When  the  acid  of  phofphoms  has  beeif  prefioufiy 
added ;  and  that  for  the  reafoh  afligned  ($  rx.) ;  at 
length,  however,  the  whole  liquor  fails  into  a  tif* 
cid  mafs« 

By  the  humid  way  the  acid  of  phofphdrut  take! 
away  magnefia  froofi  all  the  acids,  except  the  iofk 
dcidand  acid  of  fugar — ^by  the  dry  way  all  the  to- 
latile  acids  are  expelled. 

A  folutioh  of  phofphorated  ijiagnefia  grovi 
cloudy  upon  the  addition  of  fpirit  of  wine ;  bat 
Avheti  the .  ff^rit  is  diffipated  by  evapotatibn,  the 
clouds  ^ih  difappear. 

In  general,  it  is  proper  to  obfervc,  thaif  Vb^ 
tions  of  common  magnefia,  in  all  the  acids,  are 
of  an  opal  colour,  occafioned  by  filiceous  fr 
toms  t?hich  remsdii  Upoii  the  filter ;    but,  whai 

'  {q)  If  the  fmalleft  qtianlity  of  calcareous  eartii  k 
niited  with  magnefia,  fpany  cryftals  are  ionncdy  wW 

^  cfHorefcc  in  the  air.  See-  J«  Afzelius  on  the  Add  i 
Ant8# 

dati 
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ibfit  operation  is  negle&ed,   fall  by  degrees  to 
the  bottom,  and  concrete  into  a  gelatinous  mafs 

§  XVI.     ff^hether  Magne/ia  be  foluble  in  alka^ 
line  Salts. 

Some  bodies  are  of  fuch  a  nature,  that  they  pofr 
US%  an  attraftion  both  for  acids  and  alkaline  men- 
4triuu  Among  thefe  it  will  be  fufficient  to  men- 
ikmcopper,  which  is  diQblved,  not  only  by  acids, 
:bi|t  by  alkali,  efpecially  the  volatile,  which  forms 
>^h  tins  met^l  a  cryftallizable  (alt;  it  has  been 
properly  enough  doubted,  whether  magnefia  was 
jQXic  of  this  kind  of  bodies.  Margr^af,  in  the  pre- 
cipitation of  magnefia,  cautions  us  s^nft  the  ufe 
of  top  much  alkali,,  particularly  the  mineral  and 
.volatile,  as  thefe  again  diminifli  the  quantity  of 
predpitate  which  had  been  before  thrown  down : 
with  that  poble  candour  with  which  this  illuftrious 
jnan  always  relates  his  experiments,  he  confefieSj^ 
at  the  lame  time,  that  he  could  not  eSed  a  dire& 
Iblucion,  although  fome  bubbles  appeared,  whicU 
feemed  to  indicate  fome  kind  of  adion  in  the  men- 
ftruum.  In  this  very  bufinefs  all  my  labour,  too, 
was  in  vain ;  but  we  now  know  that  the  earth,  after 
having  been  thrown  down,  may  again  difappear  by 
-another  medium,  viz.  aerial  acid  (§  ii.)  To  this, 
therefore,  and  not  to  the  fole  adion  of  the  alkali, 
Ktc  we  to  attribute  this  phenomenon;  efpecially 
r  f  3  as 
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as  the  circumftanccs  attending  it  agree  eza% 
with  the  nature  of  the  alkalis  ;  for,  in  the  iamc 
weight,  volatile  alkali  contains  more  aerial  add 
than  the  fixed  mineral ;  and  the  vegetable  lead  of 

al!(0- 

5  XVII.    Magnejia  dijp)hes  $ulphwr. 

Magnefia  attacks  fulphur  both  by  the  diy  and 
the  humid  way ;  but  the  connexion  of  thefe  fub- 
.  ftanccs  is  fo  loofe,  that  they  foon  feparate  in  the 
open  air.  Let  4  of  a  bottle, '  containing  a  pound, 
be  filled  with  diflilled|Water ;  let  a  handful  of  mag- 
nefia, and  as  much  flower  of  fulphur,  be  put  in; 
let  the  air  included  above  the  liquor  be  rarefied 
by  heat,  and  the  bottle  then  fhut  clofe ;  let  it  be 
then  kept  in  balneo  mariae  for  fome  hours ;  and, 
after  cooling  fufficiently^  when  the  orifice  is  open- 
ed, a  manifeU  hepatic  odour  flrikes  the  noflriisi 
but  the  water  itfcrlf,  when  filtered,  yields,  widi  a 
lixivium  of  fixed  alkali,  a  fediment,  which  is  b» 
lublc  in  acids.  With  folution  of  filver,  it  grows 
black  and  turbid;  as  alfo  with  faccharum £itumi : 
on  fpontaneous  evaporation,  the  bottom  of  the 
vefTcl  is,  at  length,  found  covered  with  a  peliidc, 
intcrlpcrftd  with  cryftalline  aciculae,  which  diffolvc 
with  tfi'erveicence  in  acids,  except  a  greyilh  pow- 
(Icr,  which,  ihroun  on  live  coals,  gives  out  aful- 

(r)  Sec  DiCcrtation  I#  §  viii. 

phwrcous 
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fJiureous  fmell,  but  no  flame ;  which  undoubtedly 
arifes  from  hence,  that  the  fulfdiur  is  impure,  being 
enveloped  with  faline  particles. 


5  XVIII.  Eledive  jfttr anions  of  Magnefia. 

The  phaenomena  above  related,  point  out  the 
following  order  of  ele&ive  attradions,  in  the  hu- 
mid way,  viz.  firft  fluor  acid  (§  x^— x  v.) ;  acid  of 
fugar  (viii.  XI.  XV.);  phofphoric  acid  (xi  xv. 
v.);  vitriolic  acid  (xv^  v.  ix.);  arfenical  acid 
(ix.  v.  VI.)  J  nitrous  acid  (ix.  vi.  vii.);  marine 
acid(vi.  vii.  xii.)i  acid  of  tartar  (vii.  xii. 
x.)$  acid  of  ants  (x.  xi  v.  xiii.) ;  acetous  acid 
(xiv.  xiii.  VI.);  acid  of  borax  (xii.  x.  xiv); 
phlogifticated  vitriolic  acid  (vi.  v.);  phlogidica- 
tcd  nitrous  acid  (xiii.  vi.  v.)  ;  aerial  acid  (iv.) ; 
water  (m.) ;  and  fulphur  (xyii.). 

In  the  dry  way,  the  order  is  different ;  for  in 
this  the  more  fixed,  though  weaker  acid,  by 
means  of  the  heat,  overpowers  the  volatile,  the* 
ftronger.  Let  m  denote  any  fubftance  attraded 
by  two  menftrua ;  the  ftronger,  in  a  moderate 
faeat,  by  the  eledive  attradion  a,  the  weaker  by 
the  ejc^ve  attradion  a ;  let  us  then  fuppofe  the 
£rft  more  volatile  in  the  fire,  and  denote  its  nifus 
to  rife  by  v,  and  the  nifus  of  the  other  by  i;  •*  it 
now  appears,  that  m  is  attraded  by  a  force  =  a 
*<—  a  ;  but  let  the  heat  be  continually  increaftd, 
and  this  force  will  be  continually  changed.  Now, 
F  f  4  fmce 
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itnce  T  ihcreafes  more  than  v^  at  ki^^  n  «^4| 
tFill  be  =  ▼  — ^i; ;  bat  when  the  fifc  h  ftirdier  in- 
creafedy  the  equilibriam  will  bedeftroyed,  aadikt 
menftFuum,  which  was  before  weaker,  will  (mtc- 
▼ail.  The  o^e  will  be  more  fimple,  if  we  fuppofe 
the  weaker  menftruum  entirely  fixe49  that  is  v^  o. 
In  the  Tre^tife  on  Eledive  Attra£bofi,  we  (hall  exa- 
mine more  minutely  bow  fire  encreafes  the  voiatfti 
Hty  of  bodies. 

Hence  the  acids  which  are  fixed,  fuch  as  tbofe 
of  phofphorus,  arfenic,  9nd  borax,  are  found  to 
prevaU  over  all  others ;  and  from  experiments  the 
foregoing  table  is  to  be  altered  in  the  following 
manner,  viz*  acid  of  phofphorus,  of  arfenic,  df 
borax,  vitriolic  acid,  acid  of  fugar,  nitrous  add, 
marine  acid,  acid  of  fluor,  of  ants,  of  vinegar, 
phlogifticated  vitriolic  and  nitrous  acids,  and, 
laft,  aerial  acid.  The  acid  of  tartar  has  norpiace 
here,  as  it  is  dcftroyed  by  a  fuffideat  degree  of 
fire. 

§  XIX.     Magrtefia  differs  from  Lime. 

Magnefia  and  lime  agree  in  this  refpeA,  thaf 
they  both  diffolve  in  acids,  with  efFervefcencc; 
yet  terra  ponderofa  and  aerated  alkaline  falts  pof* 
fcfs  the  very  fame  property;  a  circumftance  which 
indicates  no  more  than  the  prefence  of  aerial  acki 
in  ail  of  them.  But  if  they  are  examined  more 
clofely,  we  fh^l  find  s|  remarkably  diffimilitude^ 

the 
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Ite  paMiates  of  vfaiGh  ve^U  isriefi^  rdbfte,  Att 
tte  crae  nture  lof  OEigiieBa  tnayix  bettor  aiiA 

Wacer  takes  up  3eczted  magneiia  (not  aerated 
iime).  Magnefiai,  after  a  fufficient  t:akiiiiition,  if 
tetsAtvoA  infiiliAle^^Kiiic  iblid>le).  Pure  magildia 
inakes  none  but  the  volatile  alkali  canftic,  (Ttnoft 
ImfMtftB  oauftidny  aUb  to  ^fixed  alkali).  Magnefia, 
^en  Saturated  with  vitriolic  acid^  conftitutes  a 
tnticr  fak,  folable  an  about  ^n  equal  weight  of  wa^ 
ter,  (lime  yi^ldratfelenite  almcA  infipid,  one  park 
4if  which  requtroBimore  than  400  of  water).  Magf- 
nefia,  with  nitroua  aoid^  produces  arryftallizable 
felt,  (nitrated  lime  can  fcarcelj  be  :brougbt  t^ 
cryftallise^).  Magnefia,  with  marme  acid,  forms 
H'liquor,  which,  on  ^diftillation,  eafily  lofes  the 
ineiiftruum,  (lime  dees  not).  Magnefia,  with  vi- 
negar, reiufes  to  cryftallize,  (lime  exhibits  feverifl 
fingular  vegetations).  Magnciia  is  not  thrown 
down  from  other  acids  by  vitriolic  acid,  (lime  .pro* 
duces  gypfum,  which  inftantly  falls. to: the  bottom). 
Magnefia  attra&s  the  iluor  acid,  in  preference  to 
all  others,  then  the  acid  of  fugar,  and  the  reft  as 
above  defcribed,  (lime  cSoQts  the  lame  menftrua 
in  a  very  different  order).  There  are  many  other 
circumftances  already  mentioned,  which,  compa* 
red  with  the  known  properties  of  lime,  will  evi- 
dently (hew  the  difference. 

So  great  and  fo  conftant  is  the  difference,  that 
tbeCp  fqbilances  ought  no  n^ore  tobe  confounded^ 

As 
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Kk  the  magnefia  obtained  from  the  mtious  Czinuni 
is  almoft  always  mixed  widi  lime,  in  accurate  exa- 
mination this  impure  earth  (hould  not  be  employ- 
ed :  whoever  wifhes,  then,  to  examine  the  true 
nature  of  magnefia,  fliould  employ  the  bafe  of  the 
iai  amarus,  as  that,  if  rightly  prepared^  will  never 
deceive  him« 

.  fiat  it  has  been  fuggefted,  that  magnefia  is 
lime  altered,  putting  on,  pro  re  fiata^  now  the 
ihape  of  lime,  now  entirely  putting  itc^;  it  is 
fcarcely  poflible,  that  the  lame  fubftance  (hould 
acquire  properties  fo  different :  in  the  mean  time, 
while  we  are  only  fpeaking  of  poflibility,  we  can 
lay  no  more  than  that,  as  yet,  chymiftry  labours 
under  fo  great  tmperfedion,  that  it  cannot,  a 
priori^  determine  whether  or  not  the  powers  of 
nature  be  fufiicient  to  effe£t  fuch  a  metamorpbo- 
fis ;  but  we  mud  not,  from  a  bare  or  diflant  pof- 
fibility,  believe  the  real  exiftence  of  transforma- 
tion. 

The  expert  are  not  diAurbed  by  vague  affcr- 
dons.  Accurate  experiments,  both  analytic  and 
fyntbetic,  and  thefe  accurately  employed,  at  aU 
times  and  in  all  places  afford  the  fame  refuTts :  the 
vitriolic  acid,  faturated  with  lime,  produces  gyp- 
fum;  with  magnefia  the  fal  amarus,  and  that 
conftantly.  In  order  to  obtain  gypfum  from  lime- 
water,  we  need  no  other  artifice  than  a  perfed 
iaturation :  if  the  acid  menftruum  is  fuperabund- 
ant,  gypfum  is  indeed  produced,  but  fo  much  pe- 

netratcd 
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nctratcd  by  the  acid,  as  to  dcliquiatc  in  the  air,  to 
prefcrve  its  polifli  long  in  the  fire,  and  to  flow  very 
readily;  but  if  this  acid  be  fuperfluous,  or  faturated 
or  fcparatcd  by  means  of  fpirit  of  wine,  a  true  gyp- 
fum  appears ;  which  will  hereafter  be  feen,  when 
we  examine  lime.  Varieties,  occafioned  by  the 
abundance  or  deficiency  of  a  proximate  principle, 
cannot  properly  be  called  tranfmutations ; — the 
vitriolic  acid  remains  truly  and  totally,  in  itfelf, 
unchanged ;  the  lame  may  be  faid  of  lime ;  al- 
though, according  to  the  variety  of  quantity  in 
each,  they  may  both  be  varied  three  different 
ways :  for  either  they  are  both  faturated,  or  the 
acid  abounds,  or  it  is  deficient;  in  each  of  thefe 
cafes  a  true  gypfum  is  produced;  but  in  the  fecond 
cafe  it  is  loaded  with  a  difengaged  acid ;  in  the 
third,  with  a  lime  not  diflblved;  and  hence  its 
nature  and  properties  mud  be  more  or  lels  obfcu- 
red :  that  this  is  the  cafe  is  evident ;  and  befides, 
thefe  two  principles  may  be  again  feparated  in  all 
refpeds  the  fame  as  they  had  been  before  their 
union;  a  circumfiance  which  does  not  agree  with  a 
real  tranfmutation  ;  at  leaft,  if  the  meaning  of  that 
word  be  extended  fo  far,  it  will  apply  to  all  the 
neutral  and  middle  ialts. 

At  the  time  when  men  were  ignorant  of  the 
true  preparation  of  Epfom  lalt,  various  opinions 
were  entertsdned  upon  that  fubjed ;  and  among 
others,  it  was  thought,  that  lime,  firft  diflblved 
in  marine  acid,  then  precipitated  by  vitriojic  acid, 

filtered. 
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filtered,  and  evaporated  to  a. pellicle,  .would  yield 
4rue  Epfocn  fait.  But  whoever  tries  the  expcn- 
meat  will  foon  find,  that  the  precipitate  fiift 
thrown  down«  and  the  aciculae  after,  when  waih- 
cd  in  fpirit  of  wine,  are  ,no  other  than  perfed 
gypfum :  this,  on  account  of  its  ji^eing  but  juft 
^ade,  and  therefore  not  yet  deprivc;d  of  the  ad- 
hering liquor,  has  a  tafte  acid^  and  fomewhat 
.bitter,  partly  occafioned  \fy  the  marine  acid  ftill 
4ifengaged,  and  partly  from  the  Jime :  but  if,  by 
fncans  of  fiUrs^tion  through  paper,  or,  which  is 
better,  by  fpirit  of  wine,  it  be  deprived  of  its  li- 
quor, it  (hews  all  the  properties  of  genuine  gyp- 
fum,  unle&  m^gnefia  be  mixed  with  the  lime,  as 
we  (hall  afterwards  fee  (§  xx^).  In  this  cafe, 
therefore,  there  is  no  real  tranfmutation ;  which, 
if  it  took  place,  would  undoubtedly  prevent  tbc 
produdipn  of  the  foialleft  particle  of  vitriolatqd 
magnefia. 

Nor  (hall  we  fucceed  better,  if,  according  to 
the  dircftions  of  others,  lime  precipitated  from 
nitrous  or  marine  acid  be  moiftened,  and  after- 
wards expofed  to  calcination,  with  ever  fo  great 
caution  :  certainly,  by  this  method,  nothing 
more  can  be  had  than  lime  more  or  lefs  imprc^- 
.  nated  with  the  acid,  in  proportion  as  the  degree 
of  heat  has  been  lefs  or  greater. 

Magnefia,  precipitated  by  an  alkaline  fait  from 
lixivium  of  nitre,  is  readily  diflblved  in  vitriol/c 
jtcid,  yielding  that  f^It  whici)  goes  by  the  native 
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'bf  fepfom  fift ;  but  that  whkh  h  got  by  erapolrst« 
iion  and  calcination  neither  eflTervefccs,  nor  feemis 
to  be  diminifhed  iii  that  mertftmtrm*  ■  *  Hence 
ihagnefia  is  fuppdfed  to  be  transformed  irlto  fime 
by  means  of  fire ;  but  the  true  reafon  of  the  phaf- 
homcnon  is  vtry  different  r— ^the  acid  attacks  cal- 
cined magnefia,  indeed,  but  vctyflowly;  for  the 
part  of  the  liienftruum  whith  fies  next  round  it, 
becoming  fpecifkally  heavier,  finks  to  the  bot- 
tom, preventing  the  accefs  of  the  difengaged  ackF; 
by  degrees,  howevfef ,  the  acrd  penetrates  j  fo  that 
if  a  fufficient  quantity  be  added^  it  will  at  length 
take  up  the  wh^e  of  the  magnefia,  i^hich  k  not 
the  cafe  with  Kmb :  an  intefttne  motion  of  the  U^ 
quor  accelerates  all  folutions ;  and  hence  it  is  that 
aerated  magnefia  quickly  vaniOies ;  for  the  aeriiU 
acid,  being  expelled  by  the  ftronger  acid,  bre^ 
forth  in  innumerable  bubbles,  which  agitate  and 
difplace  the  fevcral  particles,  fo  that  the  acid  k 
perpetually  in  contaft  with  the  magnefia :  for  the 
fame  reafon  calcined  lime  and  terra  ponderofa  are 
diflblved  more  flowly  thaii  when  they  are  aera** 
ted. 

Others  contend  that  magnefia  is  generated  firom 
clay,  by  means  of  vitriolic  acid ;  and  this  I  will 
readily  grant  to  be  the  cafe,  provided  any  one  cMn 
Ihew  a  method  by  which  pure  cby  ^can  be  thus 
.changed;— cotijedures  and  opinions  fliould  de- 
pend upon  or  be  formed  by  experiments.  With 
vitriolic  acid  they  obtain  from  cominon  clay  the 

earth. 
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earth  of  alum,  which  being  afterwards  mechani* 
cally  and  carefully  mixed  with  (iliceous  earth,  a- 
gain  regenerates  common  clay  (x).     From  what 
has  been  iaid  it  appears,  that  magnefia  is  an  earth 
diftind  from  all  others,  whether  fimpte  or  com- 
pound  we  will  not  take  upon  us  to  decide ;  the 
lame  is  alfo  true  of  lime  :  but  as  in  all  the  experi- 
ments hitherto  inftituted  they  preferve  conftant 
properties,  and  are  never  decompofed,  they  ought 
to  be  reckoned  among  the  funple  bodies,  until  a 
£uthful  analyfis,  confirmed  by  a  proper  fynthefis, 
reveal  their  origin.     That  man  will  certainly  dc- 
ferve  well  of  the  fcience  of  chymiftry  who  ihall 
ihew,  not  by  forged  opinions,  but  by  undoubted 
experiments  (which,  at  all  times  and  in  all  places, 
will  (land  the  molt  rigorous  tell)  that  magnefia 
owes  its  origin  to  lime  or  clay« 

$  XX.    In  what  State  Magnefia  occurs  upon  the 
Surface  of^  the  Earth. 

Magnefia  is  Icfs  common  than  other  primitive 
earths ;  or,  to  (peak  more  properly,  it  is  fo  mixed 

(/)  See  Margnraf,  toL  ii.  p.  49.  he  concludes  *^  thtf 
earth  is  neither  calcareous  nor  aluminous;" — p.  lo.  and  11. 
he  fajSy  *'  the  obje^ions  of  a  certain  diymifb  on  this  fubjed 
are  fo  trifling,  that  to  anfwer  them  would  be  lofs  of  time: 
I  (hall  only  fay,  that  day  may  be  recompofed  juft  the  fame 
as  before,  by  putting  together  its  coniUtuent  parts ;  where- 
fore no  tranfmutation  is  produced  by  the  vitriolic  acid,  fior 
any  new  fubftaocc  produced  during  the  operation." 

with 
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with  other  matters,  that  it  can  neither  be  imine-^ 
diately  diftinguiflidd,  nor  often  freed  from  hetero- 
geneous matters,  without  the  help  of  acid  men- 
ilrua.  Magnefia,  as  well  as  clay,  is  an  exceeding 
fine  light  and  fpongy  earth,  and  therefore  the  ve- 
ry purcft  of  them,  buried  in  the  earth,  muft  ne- 
ceflarily  be  foon  mixed  with  heterogeneous  parti* 
cles.  Magnefia,  lime,  terra  pondcrofa,  clay,  and 
flint,  if  reduced  to  a  fine  powder,  and  ground  to« 
gether,  along  with  water,  cannot  afterwards  be 
feparated  from  each  other  but  by  fit  menftrua* 
It  would  however  be  highly  abfurd  to  deny  that 
thefe  fubftances  are  contained  in  their  perfeft  ftate 
in  the  mixture;  and  to  aiTert,  that  they  are  pro^ 
duced  by  the  adion  of  acids. 

All  thefe  (except  the  laft,  which  refufes  to  unite 
with  ordinary  acids)  though  difTolved  and  precifH- 
tated  30  times,  were  yet  found  abfolutely  unchan- 
ged :  the  only  variety  which  occurred  was  with 
refpeft  to  the  three  firft,  which  appeared  cauftic 
or  mild,  according  as  the  precipitating  alkali  had 
been  either  aerated  or  pure :  befides,  not  one  of 
thefe  five  earths  could,  by  means  of  any  men- 
ftruum  hitherto  tried,  be  a6lually  tranfmuted  into 
another;  fo  that,  confiftently  with  the  rules  of 
right  reafoning,  we  cannot  deny  the  exiftcnce  of 
magnefia,  although  it  is  often  fo  enveloped  in  he- 
terogeneous matter  that  it  cannot  be  extricated 
without  the  help  of  acid  menflrua.  In  many  bitter 
waters  we  find  magnefia  combined  with  vitriolic 
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It  is  found  in  the  terra  Icmnia,  combined 
with  clay^  flint,  and  martial  earth;  it  alfo  en- 
ters  into  the  codfipoittion  of  various  ftones  j 
with  flint  it  is  united  in  the  (leatite  and  ferpenti- 
num;  tmb  flint  and  lime  in  a(be(los;  with  flint 
and  ckf^  ill  mica«— 4t  1$  alfo  bidden  in  calcareous 
ftorr69  which  h^re  been  long  buried  in  the  fea, 
confiftin^  of  impalpable  particles ;  and  in  many 
others  iuyt  yet  fofficiemly  eitamined. 

Gs^rnets  atone  never  form  entire  mountains; 
yetw^i  ^acmot  ff6m  thence  ddubt  of  their  exift- 
eiict.'*--*ThtbaDc  may  be  faid  of  pure  quartz,  and 
others. 

Therefore,  s^hoagh  no  (mt  has  yet  fecn  thick 
ftraci,  or  huge  heaps  of  magne£a,  yet  it  b  form- 
ed m  a  perfod  (late  upon  the  fmhcc  of  the  earthy 
and  th^  domical  iinalyfis  of  earths  and  ftones  dif*- 
covers  it^  {tartly  mixed  mechanically  with  other 
matters,  partly  (Kflblved ;— neither  its  quantity  nor 
buH^  cam  change  the  nature  of  the  thing  itfelf : 
prt^ft  forded  to  give  up  (uch  tranfmutations^  as  not 
onfy  beinfg  fallacious,  and  not  founded  upon  fuf- 
ficient  experiments,  but  as  contradiding  each  o* 
thcr: — for  fome  pretend  that  magncfia  is  produ- 
ced from  lime,  others  fromfclay,  a  third  from  the 
earth  of  alum,  and,  irhat  is  obfervable,  tbat  this 
may  be  done  by  the  vitriolic  acid.  But  we  are 
not  enquirmg  what  may  polTibly  be  done,  being 
intent  on  difcovering  what  plain  experiments  flicw 
;tp  have  been  actually  done. 

Vol.  I.  G  g  §  xxi. 
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§  XXI.    Tlie  Ufes  of  Magneficu 

Magnefia  has  hitherto  been  only  ufed  in  the  a-* 
pothecary'8  (hop  ;  and  it  ads  in  a  different  way, 
according  as  it  is  crude,  or  calcined,  or  combined 
with  an  acid  : — when  crude  it  deftroys  acidities  in 
the  prim£  vUy  but  at  the  lame  time  giving  out. 
its  aerial  acid,  occafions  in  fome  perfons  conikler- 
able  inconveniencies  (y).  It  accelerates  the  pu- 
trefadion  of  flefh  more  than  chalk,  crabs  claws, 
or  the  other  teftaceous  powders ;  but  retards  that 
of  the  bile  (ji). 

Half  the  dofe  of  calcined  magnefia  equaUy  opens 
the  bowels,  and  deftroys  acidity,  and  that  with- 
out any  inconvenience.  It  not  only  preferves  flefh 
long,  but  in  a  fingular  manner  reftores  bile  al- 
ready corrupted:  taken  in  equal  proportions, 
with  camphor,  opium,  guaiacum,  ftorax,  maftic, 
aiTafcetida,  myrrh,  fcammony,  and  other  gum- 
refills  or  pure  rcfins,  and  triturated  with  water, 
it  yields  very  ufeful  tindures ;  for  upon  filtratiou 
they  appear  clear  and  faturated,  without  any  thing 
cauftic,  as  calcmed  magnefia  rcfulcs  to  diflblvc : 

(v)  Quandoque  flatalcntias  el  morficationcs  in  imo  Tcn- 
.  ire  relinquity  fi  frequcntius  in  ufum  trahitur,  primaque  re- 
gion progignendis  corrofivis  fucci^^  ut  in  hypochondri^idi 
fieri  folety  expofita  eft. 
(»)  Henry  od  Magnefia. 

bat 
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but  thefe  tin£hirc8  muft  be  only  made  when 
wanted. 

Every  one  knows  the  cathardc  ufe  of  vitriolated 
magnefia. 

The  ufe  of  magnefia  in  rural  ceconomy  muft  be 
left  to  the  examination  of  manures* 


END  OF  THE   FIRST  VOLUME. 
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